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Some  Track  Problems  Associated  With 

Projected  Conventional   High  Speed 

North  American   Locomotives 

By   R.  A.   P.   SWEENEYf 

ABSTRACT 

SOME  TRACK  PROBLEMS  ASSOCIATED  WITH 

RUNNING  HIGH  AXLE  LOAD,  HIGH  UNSPRUNG  MASS  VEHICLES 

ON  EXISTING  NORTH  AMERICAN  RAILWAY  TRACK 

AT  HIGH  SPEED  (100  PLUS  MPH)  ARE  OUTLINED. 

1.  The  Problem 

In  anticipation  of  the  future  operation  of  high  speed  (125  niph)  passenger 
trains  in  North  America,  it  is  desirable  to  review  civil  engineering  operation  and 
design   experience   with   those  experienced   in  operating  such  services. 

A  re\  iew  of  the  literature  indicates  that  only  British  Rail  has  attempted  high 
speed  operation  (100  niph  plus)  with  motive  power  similar  to  conventional  North 
American  locomotives.  All  others  had  reduced  axle  loads  and/or  unsprung  vehicle 
mass.  This  paper  reviews  the  British  experience  with  a  view  to  its  application  to 
North   American    conditions.    Specifically: 

1.  Can  high  speed  train  equipment  with  conventional  unsprung  mass  and  con- 
ventional static  axle  load  run  on  the  existing  track  structure  (jointed  rail)  at 
125  mph? 

2.  What  are  the  implications  of  running  low  unsprung  mass  vehicles  at  high 
speed  on  the  present  track  structure? 

3.  Is  it  possible  to  run  high  speed  train  equipment  with  conventional  un- 
sprung  mass   at   conventional   static   axle  load   on   improxed   track? 

4.  What  are  the  advantages  of  improved  track  construction  with  low  im- 
sprung  mass? 

5.  What  is  the  effect  of  high  speed  train  equipment  with  a  conventional 
unsprung  mass  and  conventional  static  axle  load  on  the  useful  life  of  rail? 

6.  What  can  be  learned  from  British  Rail's  experience  in  the  evolution  of  the 
civil   engineering   aspects   of   high    speed   train   operation? 

The  writer  and  several  colleagues  visited  British  Rail,  travelled  on  the  125 
mph  -high  speed  train  from  London  to  Bristol  and  walked  a  segment  of  this  track 
on  the  western  region.  It  is  useful  to  consider  the  historical  background  associated 
with  the  evolution   of  high  speed  train  operation  on   British   Hail. 

2.  Historical  Background 

(a)  Joint  Phoblem 

Historically,  British  Rail  experienced  a  .serious  problem  with  1)<)U  hole  failures 
ci  "star  cracks"  on  their  heavy  traffic  lines,  particularly  on  the  densel>-  trafficked 
commuter  lines  of  their  southern  region.  The  rolling  stock  was  M.U.  type  with  a 
top  operating  speed  of  80  mph.  At  that  time  the  existing  jointed  track  on  the 
London-Crewe  line  ( see  Figure  1 )  was  built  to  a  90  mph  standard  although 
operating  speeds  were  generally  70  to  75  mph. 
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Because  of  the  joint  problem,  it  was  decided  that  prior  to  introducing  100 
mph  electrical  operation  on  this  line,  CWR  (continuous  welded  rail)  would  be 
required.  This  decision  was  made  on  ec-onomic  considerations,  since  once  installed, 
CWR  track  is  much  easier  to  maintain,  and  with  the  predicted  available  track 
occupancy  periods  (more  than  100  trains  per  day),  the  maintenance  of  jointed 
track  appeared  to  be  an  impossible  task.  This  policy  was  reinforced  when  a 
passenger  train  derailed  in  75  mph  territory  at  Hither  Green  ( see  Figure  1 )  in 
1967  with  heavy  loss  of  life.  The  cause  of  the  accident  was  identified  as  a  rail 
bolt  hole  failure.  The  subsequent  government  accident  report  recommended  that 
CWR  replace  jointed  track  not  only  on  main  lines  as  was  British  Rail  practice, 
but  on   heavily   tra\elled   commuter  lines   as  well. 

(b)  Initial  100  MPH  Operation   (1966) 

Of  the  first  200  electric  locomotives  destined  for  this  service,  half  (Type  AL-1 
to  AL-5)  were  equipped  with  frame  mounted  traction  motors  and  quill  drives 
(i.e.  low  unsprung  mass),  and  the  remainder  (Type  AL-6)  had  axle  hung  and 
nose  suspended  traction  motors  (i.e.  high  unsprung  mass).  This  latter  design 
produced  a  simpler  traction  assembly  ( 1 )  **  and  resulted  in  a  saving  of  roughly 
§9,000.00  per  locomotive. 

The  chief  electrical  engineer  pushed  for  the  acceptance  of  this  design  based 
on  some  rail  force  measurements  made  in  1962  at  Heald  Green  Station  (2).  The 
measurements  were  taken  on  well-maintained  joints  showing  small  dip  under 
load   (3). 

The  permanent  way  department  was  persuaded  to  accept  this  design  since 
initial  studies  did  not  foresee  any  difficulties  with  its  operation  on  the  recently 
rebuilt  CWR  track  structure.  A  set  of  measurements  had  been  taken  between 
welds.  It  was  soon  found  that  British  Rail  engineering  was  not  able  to  maintain 
line  and  surface.  Rough  track  and  hanging  ties  soon  resulted.  The  pumping  action 
of  the  hanging  ties  churned  tlie  ballast  into  a  slurry  at  many  locations,  resulting 
not  only  in  mud  pockets  but  in  abrading  the  underside  of  the  concrete  ties  down 
to  the  prestressing  at  many  locations.  Due  to  limited  work  time,  BR  felt  it  was 
not  possible  to  improve  the  situation  by  allotting  more  money  to  conventional 
surfacing  techniques. 

Deterioration  started  and  progressed  rapidly  from  any  discontinuity  in  the 
track;  i.e.,  peaks  or  low  spots  at  welds,  cusped  welds,  engine  bmns,  etc.  It  was 
evident  that  until  the  track  could  be  further  stiengthened,  something  would  have 
to  be  done  to  reduce  the  applied  forces. 

(c)  Corrective  Action 

The  AL-6  locomotive  was  then  restricted  in  its  umnodified  state  to  80  mph, 
55  were  fitted  with  resilient  wheels  and  newer  models  ( AL-6,  Class  87 )  were 
fitted  with  frame  mounted  traction  assemblies.  With  the  80  mph  speed  restriction 
or  with  the  unsprung  mass  reduced,  BR  engineering  was  again  able  to  maintain 
the  track  to  standard.  Nevertheless,  limestone  ballast  tended  to  deteriorate  o\er  a 
period  of  9  months  to  a  year. 

Research  into  this  problem  indicated  that  the  "wet  attrition  value"  (a  wet 
abrasion   test)    is   a   critical   variable.   The   track  was   then   reballasted   with   igneous 
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rock  with  a  wet  attrition  value  less  than  6%.  Petrographic  studies  would  accom- 
plish the  same  results.  This  standard  together  with  a  deeper  section  ( 12-15  in. 
as  opposed  to  9-12  in.  under  the  tie),  closer  concrete  tie  spacing  (25/i  in.  as 
opposed  to  30  in.)  and  a  better  shoulder  design  is  now  used  for  all  high  speed 
trackage.  This  experience  was  of  great  value  for  subsequent  higher  speed  track 
vehicle  design. 

(d)   HST  Operation   (1976) 

The  HST  (High  Speed  Train)  is  a  diesel  powered  12.5  mph  modem  passenger 
train  which  was  introduced  in  October  1976,  on  British  Rail's  western  region.  All 
the  experience  in  permanent  way  design  obtained  from  the  100  mph  electrified 
service  has  been  incorporated  in  preparing  the  permanent  way  for  this  service.  The 
track  now  consists  of  113  lb.  CWR  on  concrete  ties  at  25?*  in.  centers,  12  to  15  in. 
of  igneous  rock  ballast  below  the  ties,  heavy  heaped  shoulders,  membrane  protec- 
tion for  wet  spots,  jointless  track  circuits,  jointless  switches  on  Jarrah  ties  and  no 
grade  crossings.  Some  70  mph  crosso\ers  have  Ijeen  installed.  The  line  generally 
has  low  track  curvature  and  operation  is  permitted  up  to  4%.  in.  of  superelexation 
deficiency.  In  addition  the  diesel  traction  for  this  train  has  low  axle  loads  and  low 
imsprung  mass.  They  also  use  in  all  train  operation  a  form  of  cab  signalling 
called  the  automatic  warning  system   (AWS). 

The  ride  from  London  to  Bristol  on  the  125  mph  HST  seemed  far  superior 
to  anything  the  team  has  experienced  in  North  America.  A  North  American  rail- 
road would  be  wise  not  to  put  itself  into  the  position  of  trying  to  equal  BR 
quality  track  and  ride  without  the  full  realization  of  a  dramatic  change  in  main- 
tenance philosophy  and  the  associated  costs  that  such  a  commitment  would 
require. 

3,  Comparison— British  Rail/CN 

(a)   Comparison  of  Track  Structure  and  Loading 

For  the  load  carried,  the  track  between  London  and  Crewe  in  the  late  60's 
was  statistically  equivalent  to  the  best  current  type  of  CN  track  (i.e.  tlie  King- 
ston diversion )  ( see  Table  No.  1 ) .  Speeds  on  the  curve  at  the  Kingston  di\ersion 
are  80  mph  for  the  Turbo,  70  iiiph  for  con\entional  passenger  and  50  mph  for 
freight.  At  these  speeds,  British  Rail  did  not  have  any  unmanageable  problems, 
however  when  their  speed  was  increased  to  100  mph  with  high  unsprung  mass, 
a  critical  situation  developed.  This  indicates  that  there  may  be  a  threshold  on 
Kingston  diversion  quality  track  between  80  to  100  mph  with  CN's  present  equip- 
ment. Rough  calculations  tend  to  confirm  this  conclusion   (4). 

Considering  dynamic  forces,  and  using  simplified  equations  for  comparison 
purposes.  Table  No.  2  shows  calculated  P2  forces  (5,  7)  and  their  tie  loads 
generated  by  various  types  of  motive  power  on  CWR,  concrete  t>pe  track,  and 
the  case  of  CN's  GPA-17  locomotive  (FP-9)  on  typical  timber  tie  track.  To 
date  CN  has  not  exceeded  a  calculated  P2  (5)  force  of  75,000  lb.  on  a  dipped 
joint  no  worse  than  2a  =:  0.02  radius,  except  on  the  Ri\ers  subdi\ision  wliere  the 
calculated  P2  force  on  such  a  joint  is  99,540  lb. 

At  this  location  a  secondary  batter  problem  (P2  related)  de\eloped  uithin 
4  months  at  the  butt  welds.  There  was  a  problem  widi  weld  straightness  and 
overgrinding   which   would   accentuate   the  problem.   There   was   no  ballast  failure 
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TABLE  1 


STATIC  COMPARISON  OF  TRACK 

SIMPLIFIED  CALCULATION 
k  -  15,000)I'/in./in. 


CN 

Britisli  Rail         ] 

Kingston 
Diversion 

London-Crewe 
1966 

London-Bristol 
Current 

Speed  

Wheel  Load  

Rail  

80/70/50  mph 

33,000^ 

132^/yd. 

24" 

12" 

13,7801? 

6A  psi 

19  psi 

100/75  mph 

22,000// 

110///yd. 

30" 

9" 

12,870// 

62  psi 

23  psi 

125/75  mph 

20,000<' 

113/f/yd. 

252" 

15" 

10,020)? 

48  psi 

14  psi 

Tie  Spacing  

Ballast  

Static  Load  per 
Tie  Seat  

Pressure  at  Bottom 
of  Tie  

Pressure  at  Bottom 
of  Ballast  

Formula  Used  for  Tic  Load  Calculations: 


R  = 


2 


\   4EI  / 


25 


where    R  =  Tie  seat  load 

P  =  Wheel/rail  force 

I  ■  Tie  spnclnp, 

k  ^  Track  modulus 

I  -  Rail  section  moment  of  Inertia 

E  =  Young's  modulus  of  rail  -^toel 
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TABLE  2 


DYNAMIC  COMPARISON  OF  TRACK 
CALCULATED  P2  FORCE  CAUSED  BY  TRACK  DISCOOTINUITY 


Dip  Ancle  2  a  =  0.02  radians,   k  =  15,000#/in./in.   for  concrete  ties 

=     2,500#/in./in.   for  timber  ties 


Resultant 

Locomotive 

Speed 

P2  Force->^ 

Tie  Load^^ 

Remarks 

mph 

lbs. 

Short  Tons 

BR 

Delta  Class  55- 

100 

76,300 

22.3 

Their  reference 
limit. 

Class  47 

95 
100 

80 

79,200 

_9J,^7i  _ 

79,270 

23.2 

ZJ:3. 

23.2 

Created  ^roblemsj. 

AL-6 ^ 

AL-6 

Class  86  vdth 

Resilient  Wheel. 

100 

74,025 

21.6 

55   of  AL-6'8 
remodelled. 

Class  87 

100 

74,925 

21.9 

Frame  mounted 
motors. 

HST 

125 

70,650 

17.7 

Closer  tie  spacing. 

CN 

FP-9  on 

Timber  ties 

90 

73,180 

8.3 

k  =  2,500ij'/in.in. 

FP-9  on  CWR 

Concrete  ties. . . . 

80 

99,540 

20.8 

Problems  on  Rivers 
Subdivision. 

FP-9  on  CWR 

Concrete  Ties 

90 

107,920 

22.5 

Not  yet  achieved  in 
regular  service. 

Proposal^H* 

90 

107,850 

22.5 

Present  limit  on 
this   equipment. 

Proposal*^^ 

125 

139,350 

29.1 

Unacceptably  high 

force. 

*  Forces  per  rail  or  tie  seat. 

**  Proposed  Conventional  Hi-Speed  Loco. 

P2  values  from  Pritish  Rail  Research   and  CN  Equipment   Department 
calculated  for  parallel  rail  joints. 
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at  this  location  because  there  was  12  in.  of  good  granite  ballast  on  24  in.  of  sub- 
ballast,  and  the  failure  occurred  during  the  winter  when  the  ballast  section  was 
frozen. 

British  Rail  got  into  a  punitive  track  maintenance  problem  with  their  AL-6 
locomotives  with  a  calculated  P2  force  of  93,375  lbs.,  which  gives  a  load  on  their 
tie  of  roughly  27.3  short  tons.  By  reducing  the  calculated  P2  force  to  under 
80,000  lb.  or  23.2  short  tons  per  tie  this  problem  was  eliminated. 

The  calculated  P2  force  from  CN's  FP-9  on  CWR  concrete  tie  track  for  a 
2a  =  0.02  radian  joint  is  107,920  lb.  or  22.5  short  tons  per  tie.  The  proposed 
high  speed,  conventional  high  unsprung  mass  locomotive  would  exert  a  calciJated 
P2  force  of  139,350  lb.  at  125  mph  for  a  load  per  tie  of  29.1  short  tons.  This 
exceeds  the  maximum  force  calculated  for  the  FP-9  locomotive  by  nearly  30%, 
and  exceeds  the  dynamic  load  per  tie  that  lead  to  punitive  maintenance  on 
British  Rail. 

On  existing  track,  CN  experiences  some  difficulty  maintaining  tlie  roadbed  to 
90  mph  standards  where  required.  Ideal  track  maintenance  standards  are  not 
being  met  at  many  locations,  and  where  they  are  it  is  with  difficulty  and  die 
achievement  is  often  temporary.  Track  deterioration  occurs  as  a  result  of  more 
frequent,  heavier,  and  slower  traffic  using  the  same  trackage  which  eventually 
affects  the  safe  and  comfortable  high  speed  operating  limits.  It  would  appear 
prudent  that  future  equipment  shoidd  e.xert  no  higher  forces  than  present  conven- 
tional equipment  (e.g.  FP-9  at  95  mph)  on  existing  track.  There  is  some  specula- 
tion  that  even  this  is  too  high. 

(b)  Comparison  of  Equipment 

Table  No.  3  shows  a  comparison  of  the  relevant  motive  ixjwer  units  in  CN 
and  British  Rail  actual  or  proposed  passenger  service.  It  should  l)e  noted  that  the 
trend  in  British  Rail  design  is  to  reduce  the  static  axle  load  and  unsprung  mass 
combination  widi  speed.  Static  axle  loads  are  lower  than  current  couventional 
North  American  practice. 

(c)  Maintenance  Philosophy 

It  is  British  Railway  Board  policy  to  completely  renew  a  track  and  roadlxN^l 
to  their  very  high  standards  prior  to  the  introduction  of  high  speed  service  to 
make  it  possible  for  engineering  to  achieve  maintenance  within  the  limits  of  Sun- 
day and  nighttime  "possessions"  (work-blocks).  Their  research  and  service  tests 
have  indicated  that  if  track  is  not  maintained  to  an  excellent  standard  on  high 
speed  lines,  the  pounding  of  vehicles  over  surface  irregularities  cau.ses  a  progres- 
sively more  rapid  deterioration  of  the  track,  and  despite  efforts  to  maintain  the 
track  in  safe  condition,  the  track  condition  and  ride  quality  continues  to  deteriorate 
in  an  accelerating  spiral  to  the  point  where  slow  orders  must  l)e  applietl  and/or 
traffic   diverted    while   extremely   expensive    renewals    are   carried   out. 

British  Rail  standards  are  a  comliination  of  safeiy  and  comfort  based  on  a 
marketing  philosophy  of:  "Why  rmi  high  speed  trains  if  the\'  are  not  comfortable 
enough  to  draw  passengers?" 

On  the  other  hand,  the  North  American  track  structure  is  a  low  capital,  high 
maintenance  structure  with  minimal  maintenance  consistent  with  safe  operation. 
Since  a  North  American  railroad  is  primarily  a  freight  oix'ration,  this  high  main- 
tenance has  been  achieved  at  the  expense  of  slow  order  to  trains.  Track  deteriora- 
tion occurs  as  a  result  of  more  frequent,  heavier,  and  slower  traffic  using  the  .same 
track   which  eventually   will  affect  safe  and  comfortable  high  speed  operations. 
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A  North  American  railroad  would  have  difficulty  approaching  British  Rail's 
geometrical  standards  for  high  speed  lines  unless  CWR  with  concrete  ties  and  a 
new  slag  ballast  section  of  at  least  15  in.  (below  bottom  of  tie)  properly  shaped 
were  introduc-ed.  Any  125  mph  trackage  would  probalily  have  to  be  resurfaced 
and  realigned  annually,  and  this  does  not  take  into  consideration  severe  frost  prob- 
lems which  will  probably  make  it  impossible  to  maintain  BR-type  standards 
throughout  the  year. 

It  should  be  noted  that  British  Rail  completely  retamps  their  high  speed 
track  at  9  month  intervals,  and  one  of  the  results  is  a  distinct  lack  of  any  center 
bound  track  and  the  ensuing  difficulties  that  this  causes  to  concrete  ties. 

(d)   Maintenance  Standards 

Table  No.  4  shows  the  permanent  way  maintenance  tolerances  for  high  speed 
running  on  British  Rail.  Table  No.  5  shows  CN's  current  standards  reduced  to 
the  same  classes  of  track.  It  is  quite  evident  that  tolerances  in  North  America  are 
of  the  order  of  Ja  in.  whereas  on  British  Rail  a  few  millimeters  is  specified.  Needless 
to   say   this   reflects   the   different  traffic  patterns. 

4.  British  Rail  Research 

In  reviewing  current  research  work  at  British  Rail  on  wheel/ rail  forces  and 
ballast  characteristics,  the  following  points  were  reviewed  which  are  pertinent  to 
this  problem  of  high  speed  train  operation. 

(a)  Weld  Straightness 

It  was  stated  that  although  dynamic  wheel/rail  forces  have  been  calculated 
for  dipped  rail  joints,  standard  quality  run-of-plant  butt  welds  are  not  necessarily 
straight.  This  type  of  discontinuity  vdll  create  similar  dynamic  force  levels  to  those 
developed  at  dipped  joints,  depending  on  the  severity  of  the  surface  discontinuity 
at  the  weld.  Standard  quality  run-of-plant  welds  such  as  those  measured  in  the 
Kingston  diversion,  as  well  as  wheel  flats,  swdtch  heel  blocks,  bridge  backwalls, 
diamond  crossings,  level  crossings,  and  in  fact,  any  discontinuity  can  generate 
these  impact  forces.  British  Rail  is  currently  studying  methods  of  improving  the 
straightness   of   weld   produced    in   their   butt   weld   plants. 

Japanese,  European,  and  Russian  rail  manufacturers  have  adopted  roller 
straightening   techniques   to   improve  straightness   tolerances   in   ne\\-   rails    (6). 

( b )  Squats 

In  walking  track  near  Bristol,  we  observed  a  new  form  of  rail  failure  called 
a  squat.  This  consists  of  an  indentation  of  the  rail  showing  up  at  regular  frequency 
which  crosses  joints  and  starts  and  stops  without  apparent  reason.  This  phenome- 
non which  has  only  been  observed  in  tlie  last  few  years,  does  not  appear  on  low 
speed  (less  than  50  mph)  lines.  The  flaw  in  cross  section  is  similar  to  a  trans\erse 
defect  (termed  in  Britain  a  Tache  Ovale)  but  runs  horizontally  for  2  to  9  in. 
l>efore  turning  down  at  a  plane  of  40°  to  the  vertical  as  opposed  to  a  Tache  0\ale 
uhich  is  either  vertical  or  at  20°.  This  makes  it  very  difficult  to  find  with  BR's 
ultrasonic  car.  BR  Research  is  studying  die  problem,  but  has  not  yet  established 
a  cause.  Metallurgical  examination  indicates  that  there  are  no  inclusions  or  dirtiness 
in  the  failure  plane  of  a  "Squat." 

In  North  American  experience  and  elsewhere,  higher  carbon  contents  and 
higher    wheel    loads   are   in    use.    While    there    seems    to   be    a    correlation   between 
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slag  inclusions  and  shelling,  by  far  the  greatest  number  of  transverse  defects 
( TD's )  in  rail,  not  specifically  treated  to  bring  hydrogen  levels  below  3  ppm  in 
cooling,  is   from   shatter  cracking. 

The  unusual  feature  in  "Squats"  is  the  development  of  tlie  crack  initially  in 
the  zone  of  maximum  shear  which  is  characteristic  of  a  shell  aiid  then  its  down- 
turn into  a  TD-type  defect.  In  North  America  the  development  of  shells  into  TD's 
is  most  unusual. 

(c)  Lateral    Rail  Joint   Impact   Forces 

The  vertical  dynamic  impact  of  "P2"  force  developed  at  a  dipped  rail  joint 
was  initially  studied  mathematically  by  British  Rail  research  (5)  for  parallel 
jointed  track  construction.  Recent  extension  on  their  modeUng  to  staggered  joints 
or  surface  discontinuities  on  a  single  rail  has  predicted  the  presence  of  a  lateral 
impact  force  at  the  joint  which  has  characteristics  similar  to  the  veritcal  "P2" 
force,  but  of  a  smaller  magnitude.  No  data  has  yet  been  published  on  experimental 
vertification,  but  the  presence  of  this  force,  which  is  related  to  unsprung  mass, 
joint  dip  angle  and  speed,  will  increase  the  severity  of  track  loading  on  North 
American  half-staggered  joint  construction,  or  on  typical  CWR  track  laid  on 
ballast    that   originally   had    staggered   jointed   track. 

(d)  Track  Degradation  Model 

British  Rail  research  has  developed  a  computer  program  which  predicts  the 
degradation  (i.e.  differential  settlement)  of  a  dipped  rail  joint  of  a  given  track 
construction  under  a  specified  mix  of  axle  loadings,  unsprung  masses,  and  speeds. 
The  model  has  been  verified  in  the  track  rolling  load  laboratory.  This  could  be 
useful  in  projecting  the  severity  of  increased  track  maintenance  with  a  change  in 
traffic  mix.  Some  results  were  reviewed  with  regard  to  mo\'ing  tlie  same  tonnage 
in  cars  witli  high  static  axle  loadings  compared  to  the  use  of  cars  with  low  static 
axle  loadings.  The  dipped  joint  experienced  twice  the  settlement  under  the  higher 
axle   loading  for   the  same  tonnage   transported. 

(e)  Rail   Impact   Stress    Under   Dynamic   Loading 

Experiments  were  carried  out  by  British  Rail  to  measure  the  strain  field  in  a 
rail  section  under  high  rates  of  applied  loading  (impact)  such  as  those  developed 
at  a  rail  bum  or  by  a  wheel  flat.  Strain  measurements  on  a  service  rail  with  a 
specially  prepared  surface  defect  were  recorded  under  various  test  vehicles  at 
speed.  The  distribution  of  dynamic  strain  in  the  rail  section  difl^^ered  markedly 
from  that  which  is  calculated  by  classical  static  theory.  High  frequenc>-  tensile 
strains  were  measured  in  the  rail  head.  This  has  a  bearing  on  the  predicted 
fatigue  and  fracture  behavior  of  the  rail  which  lias  not  pre\  iousl>-  been 
considered. 

(f)  Rail  Wear  and  Fatigue  Model 

British  Rail  research  has  developed  a  means  of  predicting  useful  rail  life 
based  on  laboratory  studies  (tribology,  fatigue  studies,  tensile  properties,  traffic 
load   spectrum,   etc. )    for  their   rail   steels  and  operating  conditions. 

5.  Discussion  of  the  Problem 

1.  Can  a  high  unsprung  mass  conventional  t>pe  locomoti\e  run  on  North 
American  joint  rail  at  125  mph? 
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It   does   not   seem    prudent   to   do   so   for   the   following   reasons: 

( a )  British  Rail  experienced  a  pnnitive  maintenance  situation  at  calculated 
d>namic  force  levels  that  were  lower  than  those  calculated  for  this  tyix'  of  vehicle. 
This  problem  will  manifest  itself  in  slow  orders,  costly  maintenance,  and  penalties 
to  other  traffic,  resultinji  from  ballast  failure,  tie  failure  or,  if  the  ballast  is  tcM)  hard, 
possibly  in  rail  failures. 

(b)  The  current  state  of  the  art  on  other  railways  is  to  insist  on  lower  dynamic 
force  levels  and  to  have  higher  quality,  specially  prepared  track  built  to  tighter 
geometrical  standards.  It  is  not  the  current  policy  of  other  administrations  operating 
high   speed  passenger  trains   to  permit   such   speeds  on  jointed   track. 

(c)  Climate  introduces  operating  factors  witli  which  others  do  not  have  to 
cope.  For  e.xample,  as  the  ballast  becomes  frozen  in  winter  the  track  modulus  rises 
considerably  giving  rise  to  much  higher  dynamic  forces  at  any  rail  discontinuity 
leading  to  potential  rail  failures. 

(d)  Others  do  not  have  the  same  traffic  mix.  It  is  possible  to  run  low  volumes 
of  such  a  train  on  a  dedicated  line  provided  sufficient  maintenance  money  is  avail- 
able. It  is  not  possible  to  do  so  when  other  traffic  is  accentuating  track  irregularities 
to  levels  which  will  produce  high  dynamic  forces  under  these  trains,  and  still  be 
able  to  handle  regular  traffic  without  unacceptable  delays.  Available  work  blocks 
are  small  and  ever  shrinking. 

(e)  Calculated  dynamic  forces  produced  by  this  equipment  exceed  the  calcu- 
lated forces  produced  by  present  equipment  which  seems  to  be  at  or  near  a  thresliold 
limit. 

(f)  Ideal   track   maintenance   standards   are   not   being  met  at  present. 

2.  Can  low  unsprung  mass,  low  axle  load  trains  run  at  high  speed  on  the 
present  track  structure? 

Yes,  provided: 

(a)  The  track  structure  is  maintained  to  higher  levels  than  is  currently  being 
achieved.  Such  high  levels  of  track  maintenance  are  against  historical  North  Ameri- 
can policy  for  economic  reasons. 

(b)  A  new  set  of  maintenance  standards  based  on  dynamic  and  not  static 
measurements   are  introduced.  This  is   a   safety   requirement. 

(c)  It  is  realized  that  the  state  of  the  art  of  other  high  speed  passenger  train 
operators  is  not  to  try  to  do  this  even  with  all  the  pluses  that  they  have  (e.g. 
climate,  lower  loads,  etc. ) . 

3.  Is  it  possible  to  run  a  high  unsprung  mass,  high  axle  load  vehicle  on  im- 
proved track? 

It  is  possible  but  not  prudent  because: 

(a)  There  will  still  be  surface  di.scontinuities  and  these  will  require  very  high 
quality  construction  and  maintenance  standards  to  keep  them  under  control. 

(b)  The  single  precedent  attempted  by  British  Rail  with  the  AL-6  locomotive 
proved  unacceptable. 

(c)  It  is  not  accepted  by  the  current  state  of  the  art. 

(d)  It  is  far  less  costly  to  alter  the  equipment  characteristics  than  to  improve 
track  to  the  level  required. 
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4.  What  are  the  advantages  of  improved  track  construction  \\  ith  a  \phicle  with 
a  low  unsprung  mass,  axle  load  combination? 

The  advantages  are: 

(a)  It  leads  to  more  cost  effective  maintenance  with  fewer  train  delays  for 
all  traffic,  better  on-time  performance  with  less  slack  required  in  timetables,  and 
fewer  work  blocks. 

(b)  The  ride  is  superior  leading  to  improved  marketability. 

(c)  Safety  is  considerably  enhanced. 

(d)  It  is  consistent  with  what  others  have  done. 

5.  What  is  the  effect  of  a  high  unsprung  mass,  high  axle  load  vehicle  on  the 
useful  life  of  a  rail? 

The  life  of  a  rail  is  a  complicated  function  of  all  the  loads  and  cycles  rvm  on  it. 
By  isolating  variables,  the  following  points  can  be  made: 

(a)  By  itself,  a  dynamic  load  that  is  calculated  to  be  30^  higher  than  a  refer- 
ence load   will  cut  the  rail  life  at  least  in  half. 

(b)  In  fact,  the  proposal  would  have  these  loads  as  a  small  percentage  of  the 
total  subdivision  mix.  Nevertheless,  the  number  of  Turbos,  on  the  Montreal  to 
Toronto  run,  to  all  traffic  is  in  the  ratio  of  1:8  at  present.  Presumably,  the  proposed 
vehicle  would  have  roughly  the  same  frequency.  WTien  one  considers  that  on  this 
run  less  than  4%  of  the  vehicles  in  freight  trains  are  near  the  65,7.50  lb.  axle  limit, 
ihe  effect  of  such  a  vehicle  becomes  significant. 

(c)  Other  traffic  tends  to  pound  any  traffic  discontinuity  into  a  state  where 
the  dynamic  force  from  this  vehicle  increases  dramatically,  leading  to  a  spiralling 
degradation. 

(d)  The  high  stiffness  of  frozen  track  makes  fracture  a  more  serious  possibility 
than  under  present  dynamic  loadings. 

(e)  Unacceptable  track  degradation  did  occur  on  British  Rail,  although  it 
occurred  in  the  ballast  rather  than  the  rail  as  that  was  their  weaker  link. 

6.  Conclusions 

1.  With  dynamic  rail  forces  due  to  conventional  passenger  locomotives  near  the 
threshold  of  severe  track  deterioration,  higher  forces  must  not  lie  permitted  as  the 
resultant  .slow  orders,  single  trackings  and  work  blocks  for  repairs  could  seriously 
impede  freight  and  express  business. 

2.  If  there  is  to  be  an  improvement  in  the  on-time  performance  of  hiuh  speed 
passenger  trains,  CWR  on  concrete  ties  with  a  new  ballast  section  will  be  vefjuired 
in  order  to  pernu't  track  forces  to  maintain  the  track  without  lengtln  slow  orders 
within  available  work  blocks;  otherwise  all  traffic  will  suffer  continuous  unavoidable 
delays. 

3.  The  track  for  high  speed  operation  must  be  at  least  maintained  to  current 
90  mph  maintenance  standards  and  not  be  permitted  to  deteriorate  to  safety 
standards. 

4.  North  American  railroads  must  change  from  maintaining  static  track  geom- 
etry standards  to  maintaining  dynamic  tolerances  if  higher  .speeds  are  to  be  per- 
mitted. This  is  a  safety  requirement  ( dynamic  forces  are  as  much  as  3  times  the 
static  ones  at  high  speed)   (5,  7).  A  new  set  of  standards  must  be  drawn  up. 
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5.  Canadian  railways  will  have  difficulty  providing  track  to  British  Rail  geo- 
metrical standards,  due  to  winter  conditions  and  the  heavy  freight  mix,  and  it  is  not 
in  their  interest  economically  to  commit  themselves  to  provide  as  good  a  track 
geometry  as  that  pro\ided  by  British  Rail. 

6.  British  Rail  ha\e  indicated  that  it  is  far  more  economical  because  of  their 
available  work  blocks  and  on-time  performance  requirements  to  rebuild  track  to  a 
high  standard  and  maintain  it  at  a  high  standard,  than  to  try  to  maintain  "poor 
track"  to  the  minimum  safety  standard. 
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Thermal  Buckling  of  Straight  Tracks;   Fundamentals, 
Analyses,  and  Preventive  Measures* 

By  ARNOLD    D.   KERR^ 

Summary 

This  paper  starts  with  a  discussion  of  track  buckling  problems  caused  by  a 
temperature  increase  in  the  rails.  This  is  followed  by  a  description  of  the  distribu- 
tion of  axial  forces  in  the  track  rails,  caused  by  a  temperature  change,  and  by  a 
brief  review  of  track  buckling  test  results  obtained  by  a  number  of  railroads.  The 
method  of  analysis  for  the  determination  of  a  "safe  temperature  increase,"  recently 
developed  by  the  author,  is  then  discussed  and,  to  simplify  its  utilization,  the  results 
are  presented  graphically  for  a  wide  range  of  track  parameters.  The  use  of  the 
presented  graphs  is  demonstrated  on  examples.  It  is  show  n  how  the  graphs  may  be 
used  also  for  the  determination  of  the  rail  installation  temperature.  The  paper 
concludes  with  a  description  of  track  tests  for  obtaining  the  needed  parameters  and 
a  discussion  of  measmes  adopted  b>'  \arious  railroads  to  prevent  thermal  track 
buckling. 

1.  Introduction 

A  railroad  track  consists  of  two  parellel  metal  rails  attached  to  closely  spaced 
cross-ties  which  are  embedded  in  a  crushed-stone  layer  called  the  ballast.  In  a  con- 
ventional track  the  rail  ends  are  joined  by  bars  and  bolts  which  form  an  expandable 
joint. 

Expandable  rail  joints  weaken  the  track  structurally,  they  increase  the  mainte- 
nance cost  of  tracks  and  rolling  stock,  and  they  increase  the  power  consumption 
of  a  running  train.  Therefore,  it  is  only  natural  that  since  the  early  days  of  railroad 
track  construction  there  was  a  desire  to  eliminate  many  of  the  joints  by  increasing 
the  length  of  the  rails;  with  elimination  of  all  joints  (i.e.  with  the  use  of  continuousK- 
welded  rails)  as  a  final  goal. 

A  successful  technique  to  weld  rails  (the  Thermit  method)  was  introduced  at 
the  turn  of  the  century.  The  main  reason  why  continuousK-  welded  rails  were  not 
installed  at  this  early  stage  was  the  belief  that,  due  to  the  elimination  of  the 
expansion  joints,  high  axial  compression  forces  would  build  up  during  the  hot 
summer  days  and  buckle  the  track. 

The  possibility  of  buckling  of  jointless  tracks  due  to  constrained  thermal  ex- 
pansions was  discussed,  as  early  as  1902,  by  A.  Haarmann  [1].'  However,  except 
for  a  few  analytical  attempts,  this  problem  did  not  get  the  full  attention  of  railroad 
research  engineers  until  about  thirty  years  later.  Based  on  the  experience  gained 
since  then  with  longer  rails,  and  supported  by  findings  of  track  buckling  tests  and 
results  of  related  track  analyses,  thousands  of  miles  of  continuously  welded  rails 
were  installed  since  World  War  II  in  the  U.S.A.  and  abroad.  Howexcr,  tliis  de- 
velopment has  increased  the  occurrence  of  track  buckling  due  to  constrained  thermal 
expansions. 


"  Research    sponsored   by   the   Transportation    Svstem    Center   DOT   under   contract    N'o.   DOT- 
TSC-1149. 

+  Visiting   Professor,   Department   of   Civil    Engineering,    Princeton    University. 
^  Numbers   in   brackets   refer   to    references   listed   at   the   end  of  this   report. 
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Examples  of  buckled  tracks,  jointed  as  well  as  welded,  are  shown  in  Fig.  1.  In 
1927.  A.  Wohrl  [2]  reported  that  cases  of  buckling  of  conventional  tracks  came  to 
his  attention,  alUiough  he  could  not  find  references  to  it  in  the  literature.  A  detailed 
description  of  three  derailments  caused  by  buckled  continuously  welded  tracks, 
which  took  place  during  hot  summer  days  in  1969  in  England,  was  presented  in 
1970  by  C.  F.  Rose  [3].  Descriptions  of  train  derailments  in  the  U.  S.,  caused  by 
thermal  track  buckling,  are  contained  in  various  accident  reports  of  the  office  of 
safety — Federal  Railroad  Administration   (FRA). 

Since  the  early  nineteen  thirties,  many  track  sta])ility  analyses  and  results 
of  track  buckling  tests  were  published.  In  spite  of  this  extensive  effort  by  many 
investigators  and  railroad  research  institutes,  to  date  no  generally  accepted  analysis 
is  available  for  computing  the  buckling  temperature  of  a  railroad  track  ( [4]  p. 
104). 

A  critical  survey  of  the  analyses  of  thermal  track  buckling  and  of  related  tests 
was  recently  presented  by  A.  D.  Kerr  [5].  This  survey  revealed  that  the  majority 
of  the  published  calculations  are  not  suitable  for  analyzing  themial  track  buckling 
problems,  because  they  are  based  on  formulations  which  do  not  describe  correctly 
the  physical  problem  under  consideration.  Those  few  analyses  which  are  conceptu- 
ally on  the  right  path,  exhibit  analytical  shortcomings  with  an  unknown  effect  on 
the  final  results. 

To  eliminate  some  of  these  shortcomings,  in  1976  A.  D.  Kerr  presented  an 
improved  analysis  for  track  buckling  in  the  lateral  plane  [6].  The  mathematical  le\el 
of  this  analysis  is,  however,  relatively  high.  In  order  to  simplify  its  utilization,  tlie 
final  results  were  evaluated  numerically  for  a  wide  range  of  track  parameters  and 
the  obtained  results  were  plotted  as  graphs.  These  results  are  presented  in  section 
4  of  this  report. 

The  purpose  of  the  present  report  is  to  discuss  the  occurrence  of  axial  forces 
in  the  rails  due  to  changes  in  rail  temperature,  to  discuss  thennal  buckling  of  straight 
tracks,  to  present  a  simple  method  for  the  analysis  of  thermal  buckling,  and  to 
summarize  some  of  the  measures  developed  by  various  railroads  for  its  prevention. 

2.   The  Distribution  of  Rail  Compression  Forces  Caused  by  a  Uniform  Temperature 
Increase 

As  is  well  known,  when  a  straight  unconstrained  rail  of  length  L  is  subjected 
to   a   uniform   temperature   rise  To,   its  length  increases 

AL  =  a  L  To,  (2.1) 

where  a  is  the  coefficient  of  linear  thermal  expansion.  If  this  elongation  is  prexented, 
as  is  the  case  in  a  long  straight  jointless  track,  a  compression  force 

X,  =  E  A  a  To  (2.2) 

builds  up  in  the  rails,  as  shown  in  Fig.  2.   In  eq.   (2.2),  E  is  Young's  modulus  of 
the  rail  material  and  A  is  tlie  cross-section  area  of  tlie  two  rails  in  a  track. 

A  graphical  presentation  of  the  above  equation,  for  E  =  2.1x10"  kg/cm" 
(29.87x10"  lb/in.-)  and  a  =  1.15x10=  l/C,  is  shown  in  Fig.  3.  For  example,  for  a 
railroad  track  with   132  lb.  rails  and  a  uniform  temperature  increase  in  the  rails  of 


-Note:    1,000    k«    =    1    tonne;    2,000    lb    =    1    ton;    and    1    tonne   =    1.1023   tons.    The   term    kn 
means   kilogram   force. 
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(Schweizerische  Bauzeitung,  192S) 


(About  1970,  Courtesy  Prof.  J.  Eisenmann,  Munich,  Germany 


FIG.  1   BUCKLED  RAILROAD  TRACKS 
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FIG. 2  AXIAL  FOECE  DISTRIBUTION  IN  THE  RAILS 
OF  A  STRAIGIFr  JOINTLESS  TRACK 
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FIG.  3  RAIL  TEMPERATURE  INCREASE  VS.  AXIAL  FORCE  IN  RAILS. 
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50°C  (90°F),  the  axial  compression  force  induced  in  both  rails  is  P  =  202  tonnes 
(222  tons)."  This  force  may  be  sufficient  to  buckle  the  track.  Note  also  that,  for 
the  same  temperature  increase,  the  axial  force  induced  in  a  track  increases  with 
increasing  rail  weight  (because  of  increasing  area  A),  but  the  stress  remains  the 
same. 

It  should  also  be  noted  that,  although  during  uniform  heating  ( or  cooling )  of 
an  infinitely  long  CWR  the  axial  forces  in  the  rails  vary,  the  rails  do  not  move 
axially. 

For  the  understanding  of  track  buckling  it  is  also  necessary  to  establish  the 
distribution  of  axial  forces  in  a  rail  of  finite  length  L,  that  is  part  of  a  track.  Wlien 
the  ends  of  the  rails  are  prevented  from  moving  axially,  the  situation  is  the  same  as 
with  very  long  rails.  Namely,  the  axial  force  Xt  is  constant  throughout  the  track 
section  for  a  given  temperature  increase,  and  the  rails  do  not  move  axially.  Next, 
consider  the  case  when  the  rail  ends  are  not  constrained  axially.  If  it  is  assumed 
that  the  axial  resistance  between  the  rail-tie  structure  and  the  ballast  is  constant,^ 
say  ro,  then  the  axial  force  distribution  in  the  rails  (which  are  well  anchored  to 
the   cross-ties)    caused  by  a  temperature  increase  To  is  as  shown  in  Fig.   4. 


FIG. 4  AXI^L  FORCE  DISTRIBUTION  IN  A  TRACK  OF  LENGTH  L 
(based  on  the  simplifying  assumption  r^  =  const) 

The  end  regions,  where  tlie  axial  force  increases  from  zero  to  Ni,  are  referred 
to  in  the  literature  as  the  rail  "breathing"  regions.  The  distiibution  of  the  axial 
forces  in  these  regions  is  determined  from  the  free  body  diagram  shown  in  Fig.  5. 
Equilibrium  of  forces  in  the  axial  direction  yields 

N(x)  =  r„x.  (2.3) 

Thus,  N  varies  linearly.  The  length  of  the  breathing  region  is  determined  from  the 
condition  that  at  x  r=  b,  the  axial  force  is  N  =:  Nt.  Substituting  this  condition  into 
eq.   (2.3)  yields 

b  =  N,/r„.  (2.4) 

Note  that  b  depends  on  ro  and  also  on  the  magnitude  of  Nt,  hence  on  the  tem- 
perature increase  To,  as  indicated    (by  a  dashed  line)   in  Fig.  4. 


^  Tests  for  the  determination  of  the  axial  resistance  r,  will  be  described  in  Section  3. 
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FIG. 5  FREE  BODY  DIAGRAM  FOR  THE  DETERMINATION  OF  THE 
AXIAL  FORCE  IN  THE  "BREATHING"  REGION. 

As  an  example,  consider  a  track  of  lengtli  L  r=  800  meters  (2,625  ft)  with 
continuously  welded  132  lb  rails.  At  both  ends  the  track  is  free  to  expand  axially. 
Assume  that  the  rails  are  subjected  to  a  temperature  increase  To  ^=  50° C.  As  shown 
before,  the  corresponding  axial  compression  force  is  Nt  =  202  tonnes  (222  tons). 
With  ro  =  800  kg/m  (538  lb/ft),  it  follows  from  eq.  (2.4)  that  the  corresponding 
b  is  252  meters  (828  ft).  Thus,  for  the  problem  under  consideration,  the  distribu- 
tion of  the  axial  forces  will  be  as  shown  in  Fig.  4,  with  b  =  252  meters  (828  ft) 
and  L»  =  296  meters   (970  ft). 

From  Fig.  4  it  follows  that  for  any  rail  lengtii  L  larger  tlian  2b,  the  largest 
axial  force  takes  place  in  the  L**  region  and  is  equal  to  Nt.  Therefore,  in  the  above 
track  example,  whether  the  rail  length  is  800  meters  of  8,000  meters,  the  largest 
axial  compression  force  due  to  To  =:  50° C  will  be  the  same,  namely  Nt  =  202 
tonnes.  It  is  essential  to  realize  this  situation  when  considering  the  possibility  of 
track  buckling  and  when  assessing  the  need  to  include  expansion  joints  in  CWR's. 

From  Fig.  4  it  also  follows  that,  in  order  to  limit  the  largest  compression  force 
in  a  track  rail,  for  an  anticipated  temperature  increase  To,  tlie  rail  length  L  has  to 
be  smaller  than  the  corresponding  2b. 

Tt  should  also  be  noted  that  the  axial  movements  caused  by  temperature 
\ariations  are  confined  to  the  "breathing"  regions.  Thus,  the  inner  part  of  the  rail 
strand  of  length  L**  neither  expands  nor  contracts.  In  the  example  discussed  abo\'e 
(To  =  50°C),  the  rail  ends  will  move  by  the  same  amount  whether  the  rail  length 
is  800  or  8,000  meters. 

The  corresponding  displacement  of  each  rail  end  is 

u„  =        ''•^''      _      °Tob      _     (EAaTo)-  ,2.5) 

2EA      -         2         -        2roEA         '  ^       ' 

where  A  is  area  of  both  rails.  Thus,  for  a  temperature  increase  To  ==  25°C  (77°F) 
the  end  displacement  is  1.8  cm   (0.7  in.). 

3.  Results   of  Thermal  Track  Buckling  Tests 

In  the  early  track  buckling  tests  by  O.  Ammann  and  C.  V.  Gruenewaldt  [7] 
and  by  J.  Nemcsek  [8],  hydraulic  jacks  were  utilized  to  induce  compression  forces 
in  the  rails  of  a  track.  As  sho\vn  by  A.  D.  Kerr  in  references  [5]  and  [9],  this  is  gen- 
erally not  a  suitable  method  for  simulating  thcmial  compression  forces  (in  particular 
during  buckling),  and  hence  the  results  obtained  in  [7]  and  [8]  are  of  ciuestionable 
value  for  the  determination  of  track  buckling  temperatures. 
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In  later  track  buckling  tests  (since  about  1934)  conducted  by  various  railroads, 
the  axial  forces  were  induced  by  heating  the  rails.  Their  test  set-ups  consisted  of 
a  track  section  whose  movements  were  constrained  at  both  ends  by  two  hea\y 
concrete  piers  [10,  11,  12]  or  by  locomotives  which  were  placed  on  both  ends  of 
tlie  test  section  [13,  14,  15].  In  all  these  tests  the  heated  track  section  buckled 
laterally  like  heated  tracks  in  the  field,  as  shown  in  Fig.  1.  A  survey  of  these  tests 
and  a  discussion  of  the  obtained  test  results  is  presented  in  reference  [5].  Typical 
buckling  modes  observed  in  those  tests  are  shown  in  Fig.  6.  Certain  results  of 
these  tests,  necessary  for  the  understanding  of  themial  track  buckling,  are  described 
below. 

Results  of  a  series  of  track  buckling  tests  conducted  for  the  Federal  German 
Railways  (DB)  were  reported  by  F.  Birmann  and  F.  Raab  [10]  in  1960.  The  test 
facility  was  located  at  the  Technical  University  of  Karlsruhe.  The  track  section  was 
46.50  meters  (153  ft)  long  and  was  confined  at  both  ends  by  reinforced  concrete 
blocks  (624  tonnes  each),  as  shown  in  Fig.  7.  The  axial  compression  force  in  the 
rails  was  induced  by  electric  resistance  heating.  A  total  of  21  tests  were  conducted. 

The  wooden  cross-tie  track  K49  (Hh)  was  used  in  12  tests.  This  track  con- 
sisted of  S49  rails  attached  to  wooden  cross-ties  by  means  of  K-fasteners,  as  show  n 
in  Fig.  8a.  The  tie  spacing  was  62.5  cm  (21.5  in.).  To  simplify  comparisons,  the 
essential  properties  of  the  rails  used  are  listed  in  Appendix  A.  Xote  that  the  lateral 
stifi^ness  of  the  S49  rail  (I  =  320  cm'  =  7.66  in.^)  is  less  than  the  stiffness  of  the 
115  lb  rail. 

In  all  tests  [10],  the  track  buckled  laterally.  The  buckling  modes  exhibited  2, 
3,  or  4  noticeable  half-waves.  It  was  observed  that  a  typical  half-wa\e  was  about 
5  to  6  meters  (16  to  20  ft)  long  and  the  largest  amplitude  of  lateral  displacement 
was  about  25  centimeters   (10  in.). 

For  the  twelve  track  tests  with  wooden  ties,  K49  (Hh),  buckling  took  place 
for  temperature  increases  65  °C  <  To  <  140 °C.  The  measured  axial  compression 
forces  (in  both  rails)  ranged  from  177  tonnes  (195  tons)  to  340  tonnes  (375  tons). 

Birmann  and  Raab  [10]  observed  that  the  straight  tracks,  which  did  not  exhibit 
noticeable  imperfections,  buckled  at  much  higher  temperature  increases  than  those 
tracks  with  noticeable  lateral  imperfections.  They  also  obserxed  that  buckling  of 
"straight"  tracks  occurred  suddenly,  with  a  loud  bang,  whereas  the  imperfect  tracks 
buckled  gradually  and  quietly.  This  response  characteristic  is  very  important  and 
has  to  be  taken  into  consideration  when  choosing  the  analytical  foniiulation  for 
lateral  track  buckling  [6].  This  feature  will  be  discussed  further  in  Section  4. 

Birmann  and  Raab  [10]  also  observed  that  by  using  different  fasteners  in  some 
tests,  the  corresponding  buckling  load  differed  by  as  much  as  25**^. 

A  very  extensixe  series  of  track  buckling  tests  was  conducted  at  the  Central 
Railroad  Research  Institute  (CNII)  in  the  USSR.  A  description  of  these  tests  and 
a  discussion  of  the  obtained  results  is  contained  in  a  book  by  E.  M.  Bromberg  [12] 
published  in  1966.  The  test  .stand  for  straight  tracks  was  100  meters  (328  ft)  long. 
The  track  section  was  mounted  between  two  concrete  piers.  The  compression  force 
in  the  track  was  induced  by  electric  resistance  heating. 

The  tested  tracks  consisted  of  jointloss  P50  or  P65  rails  on  wooden  or  rein- 
forced concrete  ties  using  a  \aricty  of  fasteners.  Many  of  tlie  tests  were  conducted 
with  weakly  compacted  ballast  in  order  to  simulate  the  conditions  of  newK-  con- 
structed or  renovated  tracks.  In  all  tests  the  tracks  buckled  in  the  horizontal  plane, 
exhibiting  3,  4,  or  5  half-waves  of  tlie  type  shown  in  Fig.  6. 
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(a)  Nearly  aritisymmetrical  buckling  mode  [7] 


(b)  Nearly  symmetrical  buckling  mode  [l2]. 


FIG.  6  BUCKLING  MODES  OBSERVED  IN  TESTS 
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Fig.  7  THE  TRACK  BUCKLING  FACILITY  AT  KARLSRUHE  [lO] 


(a)  K-type  fastener 


(b)  Cut-spike  fastener 


FIG.  8   RAIL-TIE  FASTENERS  USED  IN  TEST  TRACKS 
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In  order  to  simplify  comparisons  with  U.  S.  tracks,  the  essential  properties  of 
the  tested  rail  sizes  are  given  in  Appendix  A.  Note  that  the  P50  rail  is  about  16% 
less  stifiF  laterally  than  the  115  lb  rail  (I  =  9.05  in.'  versus  10.8  in.')  and  that  the 
P65  rail  is  slightly  less  stiff  than  the  132  lb  rail    (I  =   13.7  in.*  versus   14.6  in.'). 

During  tests  in  which  the  temperature  was  continuously  increased,  it  was 
observed  that  up  to  an  increase,  say  Ti,  there  were  no  noticeable  displacements. 
For  Tn  >  Ti  the  track  started  to  deform  laterally.  The  rate  of  deformation  increased 
with  increasing  To.  At  a  temperature  increase  T,  =:  T^,  the  track  l)uckled.  The  cor- 
responding load  displacement  graph  is  shown  in  Fig.  9  (a).  It  is  similar  to  the  one 
observed  by  Birmann  and  Raab   ([10],  Fig.   16). 

During  a  number  of  these  tests  it  was  observed  that  when  a  track  was  heated 
by  a  temperature  increase  Ti  <  To  <  Ta,  at  which  lateral  displacements  occurred, 
and  subsequently  the  rail  temperature  was  lowered  to  To  <  Ti,  the  lateral  dis- 
placements did  not  vanish,  as  shown  in  Fig.  9(b).  Pointing  out  that  an  actual  track 
is  usually  exposed  during  the  summer  to  hot  days  followed  by  cool  nights,  Bromberg 
suggested  that  the  resulting  temperature  variations  (To  ^  Ti)  may  cause  an 
accumulation  of  undesirable  pernuinent  lateral  track  deformations,  for  temperature 
increases  which  do  not  cause  actual  track  buckling. 
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TEMPERATURE  INCREASE  VS.  LATERAL  DISPLACEMENT 
OBSERVED  IN  TRACK  BUCKLING  TESTS. 
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Citing  the  need  for  improved  ride  quality  and  for  reduced  track  maintenance, 
Bromberg  suggested  that  the  admissible  temperature  increase  be  smaller  than  Ti 
(thus  To  <  Ti),  as  a  desirable  criterion  for  the  design  of  welded  tracks.  In  order 
not  to  restrict  unduly  the  admissible  temperature  increase  To  (beyond  neutral), 
Bromberg  modified  this   criterion  to 

To  <  T^  (3.1) 

Avhere  T^i  is  the  temperature  increase  which  causes  a  lateral  displacement  of  0.2 
mm  for  a  straight  track  (as  shown  in  Fig.  9a)  and  0.4  mm  for  a  curved  track.  For 
additional  comments  on  this  approach  to  track  stability,  refer  to  Reference  [4]  ( Part 
II,  §3). 

Of  special  interest  for  U.  S.  tracks  are  the  test  results  obtained  on  track  sections 
with  P50  rails,  wooden  ties  ( 1840  per  km,  thus  center-to-center  tie  spacing  of  54.3 
cm  =  21.4  in.),  and  cut-spike  fasteners  of  the  type  shown  in  Fig.  8b.  Results  for 
two  of  these  tests  are  given  in  Table  1. 

According  to  Ref.  [12],  the  above  results  fall  within  the  range  recorded  in  tlie 
tests  with  the  same  track  section  but  with  K4  fasteners  (X**!  =  150  to  196  tonnes, 
and  K-,  —  200  to  240  tonnes). 

The  K4  fastener  (of  the  type  shown  in  Fig.  7a)  is  generally  considered  to  be 
a  more  rigid  fastener  than  the  cut-spike  fastener.  Therefore,  one  would  expect  the 
buckling  temperatures  to  be  higher  for  the  track  with  K4  fasteners.  One  reason 
why  diis  is  not  the  case  for  die  above  test  results  could  be  that  tlie  cut-spike  track 
sections  were  specially  prepared  for  these  tests  and  were  not  exposed  to  the  rolling 
stock  prior  to  buckling.  As  it  is  well  known,  moving  trains  have  a  tendency  to 
loosen  the  connection  between  the  cut-spike  and  tlie  ties,  which  results  in  a  reduc- 
tion of  the  fastener  rigidity  also  with  respect  to  the  vertical  axis.  This  suggests  that 
for  an  actual  track  with  cut-spike  fasteners,  the  buckling  temperatures  will  be  lower 
than  those  shown  in  Table  1  ( assuming  that  the  lateral  resistance  of  the  ballast 
and  the  other  track  properties  remain  essentially  unchanged). 

For  additional  test  results  the  reader  is  referred  to  references  [10-15].  For  a 
discussion  of  some  of  these  test  results  refer  to   [5]. 

The  effect  of  test  track  length,  on  the  obtained  results,  is  anaKzed  and  dis- 
cussed in  a  recent  paper  by  Kerr  [16]. 

4.  Analysis   of   Thermal   Track   Buckling 

A  critical  survey  of  the  analyses  of  thermal  buckling  of  straight  tracks  was 
presented  in  1975  by  Kerr  [5].  This  survey  revealed  that  die  majority  of  the  pro- 
posed analyses  are  conceptually  incorrect  and  hence  unsuited  for  analyzing  tliennal 
track  buckling  problems. 

One  error  made  by  several  authors  was  the  assumption  that  the  railroad  track 
may  be  represented  by  an  elastic  beam  which  is  continuously  attached  to  a  linear 
Winkler  foundation  before  and  during  buckling.  Another  shortcoming  was  the  failure 
by  a  number  of  authors  to  take  into  consideration  the  drop  of  the  axial  force  in  the 
buckled  region. 

Those  few  analyses  which  are  conceptually  on  the  right  path  exhibit  analytical 
shortcomings,  with  an  unknown  effect  on  tlie  final  results.  To  eliminate  some  of 
these  shortcomings,  in  1976  Kerr  pesented  a  new  impro\'ed  anaKsis  for  thermal 
buckling  of  straight  tracks  [6]. 
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The  developed  analysis  is  based  on  the  observation  that  the  buckling  mode  of 
a  long  straight  track  takes  place  usually  in  the  lateral  plane  and  that  it  consists  of 
a  buckled  region  which  exhibits  relatively  large  lateral  deformations  and  two 
adjoinitig  regions  which  appear  to  deform  only  axially,  as  shown  in  Fig.  10.  In  the 
buckled  region,  a  part  of  the  constrained  thermal  expansions  is  released,  which 
results  in  a  reduction  of  the  axial  force.  In  the  adjoining  regions,  because  of  the 
ballast  resistance  to  axial  displacements  of  the  rail-tie  structure,  the  constrained 
thermal   expansions   vary,   and   so   does   the  axial  force. 

In  this  analysis,  the  rail-tie  structure  was  replaced  by  an  equivalent  beam  of 
uniform  cross-section  consisting  of  two  separate  rails  each  defomiing  axially  and  in 
bending.  This  assumption,  which  neglects  tlie  torsional  rigidity  of  the  fasteners, 
appears  justified  for  the  tracks  currently  used  in  the  USA.  WTien  the  fastener 
rigidib,'  is  not  negligible,  the  resulting  "safe  temperature  increase"  is  higher.  Thus, 
the  corresponding  results   obtained   in  reference    [6]   are  on   the   safe  side. 
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adjoining  region 


buckled  region 


(a)  Axial  compression  force  before  buc)tling 
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(b)    Axial  compression   force  after  buckling 

(Note   that    in  an   actual   track   a    is    several    times    larger   than    I) 


FIG.    10     DISTRIBUTION  OF  AXIAL  COMPRESSION  FORCES  BEFORE  AND  AFTER  BUCKLING 


The  lateral  resistance  exerted  by  tlie  ballast  on  the  rail-tie  structure  (due  to 
lateral  displacements)  consists  of  the  friction  forces  between  the  ballast  and  the 
bottom  surface  and  tlie  two  long  sides  of  the  ties,  as  well  as  of  tlie  pressure  the 
ballast  exerts  against  the  front  surface  of  the  ties,  as  shown  in  Fig.  11  (a).  Fox 
the  developed  analysis  it  was  assumed  tliat  the  resulting  lateral  resistance  is  p«  ■=■ 
const  (per  unit  length  of  track  axis).  The  justification  for  this  assumption  is  sug- 
gested in  reference  [17]. 
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FIG.  11   RESISTANCES  BETWEEN  RAIL-TIE  STRUCTURE  AND.  BALLAST 
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The  axial  resistance  exerted  by  the  ballast  on  the  rail-tie  structure  fdue  to 
axial  displacements)  consists  of  the  resistance  between  the  ballast  and  the  bottom 
surface  of  the  ties,  and  the  pressure  on  the  vertical  tie  surfaces  exerted  by  the  ballast 
in  the  cribs,  as  shown  in  Fig.  11  (b).  For  the  developed  analysis  it  was  assumed 
that   the   resulting   axial   resistance   is   ro  =   const    (per  unit  length   of  track   axis).* 

Furthermore,  it  was  assumed  that  both  track  rails  are  subjected  to  a  uniform 
temperature  increase  To,  above  installation  (neutral)  temperature,  and  that  prior  and 
during  buckling  the  response  of  the  rail-tie  structure  is  elastic. 

Typical  equilibrium  branches  for  a  perfectly  straight  track,  based  on  the  above 
assumptions,  are  shown  in  Fig.  12.  Note  that  each  point  on  the  equilibrium  branch 
corresponds  to  an  equilibrium  configuration  of  the  track:  Branch  I  corresponds  to 
the  straight  unbuckled  equilibrium  states  and  branch  II  to  the  laterally  deformed 
configurations. 

According  to  Fig.  12,  when  the  track  is  subjected  to  a  temperature  increase 
T)    <   Tl   there   exists   only   the   straight  equilibrium   configuration.    For   such   a   T<., 
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FIG. 12  TYPICAL  EQUILIBRIUM  BRANCHES  FOR  A  HEATED 
STRAIGHT  TRACK 
when  the  track  is  pushed  sidewa>s  at  a  point  it  will  return  to  its  original  straight 
position  once  the  lateral  load  is  removed  (assuming  that  tlie  track  response  is 
elastic).  Note,  however,  that  to  a  temperature  increase  To  >  Ti,  there  correspond 
three  states  of  equilibrium:  The  (stable)  straight  state  (1),  the  (unstable)  con- 
figuration (2)  on  branch  AL,  and  the  (stable)  configuration  (3)  on  branch  LB 
[9].  Thus,  when  tlie  straight  track  buckles  at  a  temperature  increase  To  >  Ti,.  it 
will   move   to  the  laterally  deformed  equilibrium   configuration    (3)    on  branch   LB. 


'  The  effect  of  this   assumption   is  determined   in   a   forthcoming  report  "-■Vn   Impro\ecl   .\nal\sis 
for  Thermal   Track   Bnckiing"   by  A.   D.   Kerr. 
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From  the  above  discussion  it  may  be  concluded  that  a  temperature  increase 
tor   a   straight   track   is   safe  against  hackling   wlien 

T„  <  T,..  (4.1) 

Because  railroad  tracks  are  usually  not  "perfectly"  straight,  it  is  necessary  to 
know  the  effect  of  geometric  imperfections  on  the  track  response.  The  correspond- 
ing equilibrium  branches  [9,  17]  for  relatively  small  lateral  track  imperfections 
are  shown  schematically,  as  dashed  lines,  in  Fig.  13.  Note  that  the  Ti.-value  for 
each  of  these  branches  is  \ery  close  to  the  Ti.-xalue  of  the  perfectly  straight  track. 
Hence,  the  criterion  stated  in  (4.1),  witli  a  Ti,- value  for  a  "straight"  track,  is  also 
valid   for  a  track  with   small   lateral  imperfections. 

It  should  be  noted,  that  when  the  geometrically  imperfect  rails  are  heated 
and  To  reaches  the  value  Ti,,  the  track  will  buckle  sideways  and  will  adopt  an 
eqnilihriuin  configuration  on  branch  LB.  The  buckling  phenomenon  itself  is  dynamic 
in  nature,  and  hence  is  not  included  in  these  graphs  (which  show  equilibrium 
curves).  Note  that  with  increasing  imperfections  Tcr,  and  hence  v,„ax,  decrease.  It 
may  be  shown  that  the  energy  release  also  decreases.  These  findings  agree  with 
observations  made  by  Birmann  and   Raab   [10],  as  described  in  section  3. 
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FIG. 13  TYPICAL  EQUILIBRIUM  BRANCHES  FOR  A  TRACK 
WITH  LATERAL  GEOMETRIC  IMPERFECTIONS 
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o)  Antisymmetricol  mode 


b)  Symmetrical  mode 


Fig.  14   BUCKLED  TRACK  SliAPES  OBTAINED  FROM  ANALYSIS  FOR  T  =50°C  {90°?) 

o 

FOR  r   =1000kg/n   and   p    =900   kg/m. 
o     '  o 

A  buckling  analysis  of  a  railroad  track  subjected  to  thermal  compression  forces 
consists  of  two  parts:  (1)  the  determination  of  all  eciuilibrium  states  and  (2)  the 
inspection  of  the  determined  equilibrium  states  to  establish  which  are  stable  and 
which  are  not.  The  abo\e  discussion  suggests  that  the  safe  tenipcratiiic  increase  for 
preventing  track  buckling  may  be  determined  solely  from  the  ])ost-hnckliniz 
eciuilibrium  branches.  This  concept  was  adopted  in  reference  [6]  and  is  used  in 
the  following. 

To  insure  an  analytical  formulation  that  is  mechanicall>  reasonable  and 
mathematically  consistent,  the  equilibrium  equations  for  die  rail-tie  structure  were 
deri\ed  by  utilizing  the  nonlinear  theor\-  of  elasticit\-  and  the  principle  of  \irtual 
displacements.  To  a\oid  the  difficulties  encountered  by  other  investigators,  when 
matching  track  regions  which  are  goxerned  by  different  differential  equations  and 
whose  matching  points  are  not  fixed  a  priori  along  the  track  axis,  use  was  made 
of  variational  calculus  for  variable  matching  points   [18]. 
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The  t>pical  buckling  modes  shown  in  Fig.  6  suggested  the  analysis  of  anti- 
symmetrical  and  symmetrical  buckling  shapes.  The  analyses  for  the  shapes,  shown  in 
Fig.  14,  are  contained  in  Reference  [6].  In  the  following,  only  the  results  of  their 
numerical  evaluation  are  presented  and  discussed. 

As  an  example,  the  results  of  the  numerical  cxaluation  for  a  132  11)  track  with 
ro  =  1000  kg/m  (672  lb/ft)  and  p,,  =  900  kg/m  (605  lb/ft)  are  shown  in  Fig. 
15.  The  solid  line  corresponds  to  the  antisynunetrical  S-shape  (Mode  II  in  Reference 
[6]).  The  dashed  line  corresponds  to  the  symmetrical  deformation  shape  (Mode 
III  in   Reference   [6] ) . 

According  to  Fig.  15,  for  the  above  track  and  the  S-shape,  the  safe  temperature 
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FIG.  15   EQUILIBRIUM  BRANCHES  AND  CORRESPONDING  AXIAL  FORCE  CURVES 
OBTAINED  FROM  ANALYSIS. 
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increase  is  Tl  =  43.5''C  (TS^F).  Note  also  that  if  the  track  should  buckle  for  a 
temperature  increase  Tn  =:  50°  C,  then  it  will  come  to  rest  at  the  equilibrium  con- 
figuration (3)  on  branch  LB  with  the  largest  lateral  deflection  Vmai  =  32  cm  (12.5 
in.).  The  corresponding  axial  compression  forces  are:  In  the  straight  equilibrium 
configuration  ( 1 )  Nt  =  EAaTo  =  202  tonnes,  in  the  stable  equilibrium  configuration 
(3)  Nt  =  80  tonnes.  Thus,  for  a  rail  temperature  increase  of  Tr,  ^  50' C,  the  axial 
track  force  drops,  due  to  buckling,  to  less  than  a  half  of  its  original  \'alue.  For  To  = 
60°  C  the  thermal  force  Nt  =  242  tonnes  drops  to  65  tonnes;  about  a  quarter  of 
its  original  value.  This  finding  contradicts  tlie  assertions  made  by  various  authors 
that  the  drop  of  the  axial  force  is  negligible. 

According  to  Fig.  15,  for  a  given  track,  also  the  magnitude  of  Vmax  depends 
upon  the  temperature  increase  To  at  which  buckling  will  take  place.  To  show  this 
point,   the  corresponding  values  are  presented  in  Table  2. 


TABLE   2.   DEPENDENCE   OF  Vn.ax  and   N,   ON  To,  FOR  THE   132  lb  TRACK 


T 

°C 

43.5 

45 

50 

60 

70 

80 

V,„i,x 

cm 

15 

22 

32 

48 

63 

78 

Nt 

tonnes 

175 

181 

202 

242 

282 

323 

Nt 

tonnes 

115 

96 

80 

65 

57 

52 

Nt 

%   of  Nt 

66% 

53% 

40% 

27% 

20% 

16% 

Note  that  Vmax  and  Nt  depend  also  on  the  track  parameters,  especially  the  resistances 
ro  and  po. 


Comparing  the  equilibrium  branches  in  Fig.  15,  it  follows  that  the  Ti.  values, 
for  the  symmetrical  and  antisymmetrical  deformation  modes,  are  almost  the  same, 
whereas  the  v,„.tx  value  for  the  symmetrical  mode  is  larger  (about  50%).  Note  also 
that,  for  the  range  of  temperature  increases  shown,  the  drop  of  the  axial  force  due 
to  buckling  is  about  the  same  for  both  modes  of  deformation.  For  example,  for 
To  :=::  50°C  the  axial  force  in  the  straight  state  (according  to  Fig.  2)  is  Nt  =:  202 
tonnes  whereas  the  corresponding  Nt  values  for  the  stable  deformed  state  (3)  are 
about  80  tonnes  each. 

The  antisymmetrical  and  s\inmetrical  track  shapes  which  correspond  to  the 
temperature  increase  To  =  50°C  are  .shown  in  Fig.  14. 

In  order  to  establish  the  effect  of  rail  section  and  ballast  condition  on  tlie 
post-buckling  track  response,  especially  on  the  safe  temperature  increase  Ti.'  the 
solutions   presented   in    reference    [6]    \\cre   nmncricalK-   evaluated   for   the   standard 
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rail  steel  constants 

E  =  2.1   X   10"  kg/cnr'  =  3  X   10'  lb/in.=, 

(4.2) 
a  =  1.15  X   10'  1/C°, 

and  a  range  of  track  parameters.  The  graphs  for  the  often  utilized  132  Ih  rails  and 
the  S-shape  of  deformation  are  shown  in  Fig.  16  and  Fig.  17.  The  effect  of  rail  size 
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FIG.     16      EQUILIBRIUM   BRANCHES    FOR    132    lb   TRACK   FOR  VARIOUS    VALUES   OF    RAIL-TIE 
BALLAST    RESISTANCE. 
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FIG.    17 


EQUILIBRIUM  BRANCHES  FOR  132  lb  TRACK  FOR  VARIOUS  VALUES  OF  RAIL-TIE 
BALLAST  RESISTANCE. 


and  of  tile  tie-ballast  resistances  r.,  and  p,.  on  the  safe  temperature  increase  Ti.  were 
calculated  and  are  sunnnarized  in  Fig.   18. 

The  graphs  in  Fig.  18  were  obtained  for  the  antis>nnnetriciil  S-shape  of 
deformation.  The  corresponding  graphs  for  the  SNinnietrical  deformation  shape  were 
found  to  be  very  close  to  those  of  the  S-shape.  Therefore,  for  engineering  purposes, 
ttie  grapJis  in  Fig.  18  may  be  considered  valid  for  both  modes  of  deformation. 
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3.  The  Track  Parameters  Needed  for  the  Presented  Analysis 

The  graphs  in  Figs.  14  to  18  are  based  on  the  E  and  a-  values  for  rail  steel, 
given  in  (4.2).  The  use  of  these  graphs  for  analyzing  track  buckling  requires  also 
the  knowledge  of  the  track  parameters  A,  I,  Po,  r...  As  pointed  out  in  the  previous 
section,  A  and  I  are  the  geometric  properties  of  the  rail  cross-section;  A  is  the  cross- 
sectional  area  of  both  rails  and  I  =  2Ir  is  the  moment  of  inertia  of  both  rails  with 
respect  to  their  vertical  centroidal  axes.  These  values  are  listed  for  various  rail 
types  and  sizes  in  Appendix  A.  Note,  however,  that  if  the  rails  of  a  track  to  be 
analyzed  are  excessively  worn,  then  the  listed  A  and  I  values  have  to  be  reduced 
accordingly. 

The  meaning  of  r.,  and  Po  was  also  defined  in  the  previous  section.  These 
parameters  are  determined  by  means  of  field  and/or  laboratory  tests,  in  which  a 
rigidized  track  panel  is  moved  axially  or  laterally  by  an  increasing  force  and  then 
the  corresponding  load-displacement  values  are  recorded,  as  shown  in  Fig.  II.  The 
To  or  Po  is  the  resistance  value  for  which  the  corresponding  curve  levels  off. 

When  choosing  the  length  of  the  track  test  panel,  note  that  the  r..,  Po  values 
to  be  determined  be  such  that  the  analytically  obtained  values  (Ti„  Xt,  Vmnx,  etc.) 
be  as  close  as  possible  to  the  actual  quantities  in  the  field.  To  achieve  this  objective 
the  length  of  the  test  panel  has  to  be  sufficiently  long,  say  10  meters   (32  ft). 

The  use  of  only  one  tie,  for  the  determination  of  ro  or  Pn,  appears  to  be  inad- 
missible. The  reasons  are  similar  to  those  presented  in  reference  [19]  Section  3, 
in  connection  with  the  determination  of  the  track  modulus  in  the  vertical  plane. 
Namely,  in  tests  of  this  type  one  tie  responds  differently  in  the  ballast  base  than  do 
the  closely  spaced  ties  of  a  long  panel.  Furthermore,  because  of  the  granular  char- 
acter of  the  ballast,  the  loading  of  one  tie  at  different  locations  will,  necessariK, 
show  a  wide  scatter  in  the  obtained  data. 

Detailed  descriptions  of  tests  and  of  obtained  test  results  were  presented  b>- 
Birmann  [20],  [21],  Birmann  and  Raab  [10],  the  Pennanent  Way  Society  of  Japan 
[22],  Bartlett  [11],  Prud'homme  [23],  I.  A.  Reiner  [24]  and  others.  A  survey  of 
results  obtained  by  many  investigators  was  presented  in  1965  by  J.  W.  Klaren  and 
J.  C.  Loach  [25]  (Chapter  3)  and  more  recently  by  P.  Dogneton  [26].  According 
to  the  conducted  tests: 

( 1 )  The  resistance  values  depend  upon  the  type  of  ties  and  ballast,  as  well  as  upon 
the  tie  spacing. 

(2)  The   resistance   values  increase  with   increasing  weight  of  die   rail-tie  stiiicture 
(they  are  also  higher  for  the  vertically  loaded  track). 

(3)  The  resistance  values   increase,   up   to  a  point,  with  increasing  tonnage  passed 
over  the  track   (because  of  ballast  compaction). 

(4)  Track    renovation    work,    which    iinoKes    ballast    disturbance    (also    b>'    sho\el 
packing  or  tamping),  reduces   the  resistance  values. 

(5)  The   resistance   values   depend   on   climatic  factors,   such  as  humidity  and  tem- 
perature  (e.g.,  frozen  versus  wet  ballast  and  subgrade). 

Results  of  test,  which  demonstrate  some  of  the  abo\e  points,  are  shown  in  Figures 
19  and  20. 

For  example,  according  to  Birmann  [20,  21],  depending  on  the  track  conditions, 
for  a  wooden  tie  track  r„  ranges  from  400  kg/m  (270  lb/ft)  to  1800  kg/m  (1200 
lb/ft)   and  P.  ranges  from  400  kg/m   (270  lb/ft)   to  1500  kg/m  (1000  lb/ft). 
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6.  Examples 

The  purpose  of  this  section  is  to  show  how  the  graphs  presented  in  Section  4 
can  be  used  for  analyzing  thermal  track  buckling  of  tangent  tracks. 

Problem  1.  For  an  Existing  Tangent  Track,  Determine  the  Range  of  Tem- 
perature Increases  Above  Neutral  Which  Will  Not  Cause 
Buckling. 

To  ana]>  ze  this  problem,  first  determine  experimentalK  ( or  estimate )  the 
anticipated  resistance  \'alues  Po  and  r,..  For  the  present  example  assume  that  for  an 
imdisturbed  track  these  \'alues  were  found  to  be 

r.  =  1000  kg/m   (672  lb/ft) 
P,.  =  1200  kg/m   (800  lb/ft) 

Then,  according  to  Fig.  18,  for  a  track  with  132  11)  rails  a  safe  temperature  increase 
is  Ti,  =  48.50'- C  =  87.5  F. 

When  utilizing  the  above  result,  it  should  be  noted  that  Ti,  =  48.5  C  is  not 
the  temperature  increase  at  which  the  above  track  will  usually  buckle  out,  but 
rather  the  value  which  defines  a  range  of  safe  temperature  increases.  In  other  words, 
as  long  as  T.  <  Ti.  the  tangent  track  under  consideration  is  safe  against  lateral 
buckling.  The  temperature  increase  which  causes  buckling  is  usually  higher  than 
Ti..  As  discussed  in  section  4,  it  depends  on  geometric  imperfections  ( and  dynamic 
inputs);  namely,  the  larger  the  imperfections  the  smaller  the  temperature  increase 
which  causes  buckling.  In  this  connection  note  that,  according  to  the  test  results 
presented  in  section  3,  the  temperature  increases  at  which  the  equivalent  test  tracks 
buckled  out  were  larger  than   48.5  C. 

When  analyzing  tracks,  it  should  also  be  taken  into  consideration  that,  accord- 
ing to  field  observations,  heated  tracks  have  a  tendency  to  buckle  short]\  after 
completion  of  track  maintenance  work,  which  involved  ballast  disturbance.  The 
main  reason  for  this  is  the  resulting  reduction  of  the  ballast  resistance  \alues  r..  and 
Pi,,  as  described  in  section  5.  In  order  to  detennine  the  corresponding  Ti.  tempera- 
ture, the  reduced  \alues  of  t>.  and  p..  have  to  be  used.  Assuming  that  the  experi- 
mentally detennined  values,   for  a  freshly  tamped  track,  are 

ro  =   500  kg/m;   Pc,  =   600  kg/m 

then,  according  to  Fig.  18,  T,.  =  33.5  C  (60'F).  Thus,  a  drop  of  15  C  (about 
a  third  of  48.5"C). 

Next,  consider  the  case  when  the  repair  work  is  local,  extending  for  example 
over  only  15  meters  (about  50  ft)  of  the  track.  It  is  reasonable  to  expect  that  if  the 
heated  track  will  buckle  out  laterally,  it  will  do  so  in  this  region.  For  the  corre- 
sponding analysis  only  the  lateral  resistance  p,.  is  reduced,  since  according  to  the 
made  assumptions  the  main  effect  of  the  axial  resistance  r.  is  in  the  rather  long 
adjoining  regions,  and  they  are  not  affected  by  tlie  repair  work.  Assuming  that  for 
this  case 

r„  =    inOO  kg/m;   p„  =   600  kg/m 

the  graphs  in  Fig.   18  yield  Ti,  =z  37  C.  Thus,  a  drop  of  only  11.5'C. 

The  abo\'e  numerical  examples,  in  addition  to  showing  how  easily  Ti.  may  be 
determined  by  using  Fig.  18,  also  demonstrate  the  effect  of  track  maintenance  work 
on  the   safe   temperature  increase. 
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Problem  2.  For    a   Tangent    Track,    Determine    the    Installation    (Neutral) 

TEMPERATURE  IN  OrDEH  TO  PREVENT  TrACK  BuCKLING  BY  TEMPERATURE 

Increases  and  Rail  Breaxs  by  Temperature  Drops. 

The  installation  temperature  of  a  jointlcss  track  depends  on  the  temperature 
variations  in  tlie  territory  the  rails  are  to  be  laid.  A  method  for  choosing  the  installa- 
tion temperature  is  shown  in  Fij?.  21.  In  this  procedure,  first  determine  from  local 
records  the  highest  and  the  lowest  ambient  temperatures  which  occurred  in  the 
particular  territory  during  tlie  past  several  decades.  Then,  introduce  on  a  temperature 
scale  the  highest  temperature  expected  in  the  rails  ( =  highest  recorded  ambient 
temperature  in  region  +  temperature  increase  in  rails  above  ambient)  and  the 
lowest  temperature  expected  in  the  rails  {=  lowest  recorded  ambient  temperature). 
Next,  introduce  on  the  temperature  scale  the  Tr,  interval  determined  analytically 
(for  the  track  under  consideration)  and  then  a  Tr  interval,  as  shown  in  Fig.  21 
(a).  The  overlap  region  of  the  Tl  and  Tr  intervals  is  the  range  of  safe  installation 
temperatures. 
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FIG.  21   METHOD  FOR  ESTABLISHING  THE  INSTALLATION  (NEUTRAL) 
TEMPERATURE  FOR  A  RAILROAD  TRACK 


42  Bulletin  669 — American  Railway  Engineering  Association 

The  Tf  value  is  the  safe  temperature  drop  which  will  not  cause  rail  breaks 
during  the  low  winter  temperatures.  This  value  depends  on  the  metallurgy  of  the 
rails  and  of  the  welds,  taking  into  consideration  also  their  fatigue  strength  at  low 
temperatures.  For  a  method  to  determine  the  Tf  value,  used  in  the  USSR,  refer 
to   [27]. 

As  a  numerical  example,  consider  a  territory  where  the  highest  and  the  lowest 
recorded  ambient  temperatures  are  +110''F  and  — .30°  F,  respectively.  Then,  the 
highest  temperature  expected  in  the  rails  is  110°  +35°  =  14.5°F,  where  .3.5''F  is 
the  assumed  increase  of  rail  temperature  above  ambient.  The  lowest  temperature 
expected  in  the  rails  is  — 30°F.  If  for  a  132  lb  track  the  analysis  yields  Tl  ==  65°  F 
and  the  Tf  value  was  found  to  be  120°F,  then  according  to  Fig.  21  (b),  the  rail 
installation  temperature  should  be  chosen  from   the  range  of  80°   to  90°  F. 

When  the  Ti,  and  Tf  intervals  do  not  overlap,  the  situation  is  more  complicated. 
This  may  occur  in  the  problem  discussed  above  when,  for  example,  the  lowest 
recorded  temperature  is  — 50 °F  and  Tf  =  90 °F,  as  shown  in  Fig.  22  (a). 

One  way  to  proceed  in  this  situation,  especially  in  signal  territory,  is  to  install 
the  rails  at  80°  F  in  order  to  prevent  the  occurrence  of  track  buckling,  relying  on 
the  signalling  system  to  detect  rail  breaks. 

Another  approach,  utiHzed  in  the  USSR  [27],  is  shown  in  Fig.  22  (b).  This 
system  requires  tA\'o  temperature  adjustments  per  year;  one  in  the  spring  and  the 
other  in  the  fall.  Note  that  in  Fig.  22  (b)  it  was  assumed  that  a  range  of  installa- 
tion temperature  is  10  °F.  Therefore,  the  shown  temperature  scheme  is  safe  if  after 
the  spring  adjustment  the  rail  temperature  does  not  drop  below  0°F,  and  after  the 
fall  adjustment  the  rail  does  not  exceed  95 °F. 

7.  Measures   for   Preventing   Thermal  Buckling   of  Tangent  Tracks 

From  the  discussion  presented  in  the  previous  sections  it  may  be  concluded 
that   in   order   to   reduce   the   possibility  of  track  buckling: 

( I )  The  track  compression  force  should  be  as  small  as  possible  ( without 
causing    rail    breaks    during    the    winter),    and 

(II)  The  rigidity  of  tlie  track  structure  (which  consists  of  the  rail-tie  struc- 
ture and   the   ballast)    should  be  as  high  as  possible. 

Aim  ( I )  may  be  achieved  by  installing  and  maintaining  the  rails  at  a  neutral 
temperature,  as  determined  previously  in  Problem  2.  This  method  for  determining 
the  temperature,  utihzed  by  the  railroads  of  the  USSR  (27),  appears  to  he  more 
appropriate  than  the  method  used  by  various  European  railroads  which  stipulate 
"tliat  the  rails  should  be  free  from  stress  within  temperature  limits  near  the  mean 
of  the  extremes  experienced  ([25]  p.  17  and  Fig.  1). 

Another  measure  for  achieving  aim  ( I )  is  to  reduce  the  high  rail  tempera- 
tures by  painting  the  rails  white.  According  to  Klaren  and  Loach  ([25]  p.  60) 
tests  were  conducted  in  which  the  temperatures  of  whitewashed  and  regular  rails 
in  service  were  compared.  It  was  found  that  on  a  hot  sunny  day  the  temperatures 
of  the  whitewashed  rails  were  5°  to  7°C  (9°  to  12.5° F)  lower  than  those  of  the 
unpainted  rails.  Although,  presently,  the  painting  of  rails  does  not  appear  to  be 
practiciil,    this    approach   may    be    useful    in    special    situations. 

Aim  (II)  may  be  achieved  by  incrciising  the  rigidity  of  the  rail-tie  structure 
and  by  increasing  the  ballast  resistances  ro  and  Po.  To  increase  the  rigidity  of  the 
rail-tie  structure,  many  railroads  abroad  are  using  stiffer  fasteners,  such  a.s  the 
K-type  and  the  spring  clip  fasteners.  To  achieve  a  high  ru  %alue,  the  crib  betvveen 
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FIG.  22   DETERMINATION  OF  RAIL  INSTALLATION  TEMPERATURES 
FOR  EXTREME  TEMPERATURE  CONDITIONS 


the  ties  have  to  be  filled  with  well  compacted  ballast.  Also  heavier  (concrete) 
and  deeper  ties  increase  the  axial  track  resiScance  r.,.  Higher  Po  values  may  be 
achieved  by  increasing  the  ballast  shoulder  width,  by  raising  the  ballast  shoulder, 
by  increasing  the  tie  weight  and  cross  sectional  area,  by  using  safety  caps  (which 
increase  the  tie  area  laterally)  as  shown  in  Fig.  23,  and  by  compacting  the  ballast. 
Test  residts  which  demonstrate  the  effect  of  these  measures  on  p..  were  presented 
by  Dogneton   [26]. 

To  prevent  track  buckling,  many  railroads  abroad  found  it  necessary  to 
increase  the  width  of  the  ballast  shoulder.  For  example,  for  tangent  tracks,  tlie 
DB  and  the  railroads  of  the  USSR  increased  the  width  to  35cm  (14  in.).  The 
standard  practice  on  US  railroads  is  to  use  a  shoulder  width  of  6  in.  [28].  Pres- 
ently, it  appears  that  the  most  economical  and  simplest  way  to  re^luce  the  occur- 
rence of  track  buckling  on  US  track  is  to  increase  the  shoulder  width,  sa\  to  15 
in.  on  tangent  tracks.  It  is  reasonable  to  expect  that  this  increased  shoulder  width 
will   also  reduce   track  degradation,  and   thus  maintenance.'^ 


'  The    optimal     width    of    the    ballast    shoulder,    for    preventinK    track    biKklinu    and    reduiing 
track    maintenance,    should    be    determined    from    tests. 
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FIG.  23   MEASURES  FOR  INCREASING  LATERAL  RESISTANCE 

Track  maintenance  practices  should  be  such  as  not  to  violate  the  aims  listed 
in  ( I )  and  ( II ) .  For  example,  they  should  not  affect  the  effective  neutral  tempera- 
ture of  the  rails,  nor  should  they  lower  the  ballast  resistances  excessively,  during 
or  before  periods  of  large  temperatiue  increases.  In  this  connection  note  that 
some  railroads  (for  example,  the  SNCF)  do  not  schedule  track  renovation  work 
during  the  summer  months  whereas  others  ( for  example,  the  DB )  allow  it  only 
for  small  specified  temperature  increases  above  neutral.  It  appears  that  renovation 
of  a  track  is  admissilile  when  the  highest  expected  rail  temperature  increase,  above 
neutral,  is  lower  than  Ti.. 
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APPENDIX  A:    RAIL  PROPERTIES 


Rail 
type 


Weight 


kg/m 
(lb/yd) 


Arec 


(in^) 


Moment  of  inertia 
with  respect  to 
centroid  axis 


horizontal 


(in-*) 


vertical 


cm 
(in) 


Distance 

of  centroid 

from  base 


cm 
(in) 


Height 

of 

rail 


cm 
(in) 


100  RE 


50.35 
(101.5) 


64.19 
(9.95) 


2040 
(49.0) 


6.98 
(2.75) 


15.2 
(5.98) 


115  RE 


56.89 
(114.7) 


72.58 
(11.25) 


2,731 
(65.6) 


450 
(10.0) 


7.57 
(2.98) 


15.2 

(5.98! 


119  RE 


58.93 
(118.8) 


75.16 
(11.65) 


2,972 
(71.4) 


454 
(10.9) 


7.92 
(3.12) 


15.2 
(5.98) 


132  RE 


65.53 
(132.1) 


83.55 
(12.95) 


3,671 
(88.2) 


607 
(14.6) 


8.12 
(3.20) 


17.8 
(7.01) 


136  RE 


67.56 
(136.2) 


86.12 
(13.35) 


3,950 
(94.9) 


612 
(14.7) 


8.51 
(3.35) 


17.8 
(7.01) 


140  RE 


P  50 


P  65 


P  75 


69.75 
(140.6) 


89.03 
(13.8) 


4,029 
(96.8) 


616 
(14.8) 


8.56 
(3.37) 


51.51 
(103.83) 


65.8 
(10.20) 


2,037 
(48.94) 


377 
(9.05) 


7.09 
(2.79) 


64.93 
(130.89) 


82.8 
(12.83) 


3,573 
(85.84) 


572 
(13.74) 


8.17 
(3.22) 


75.1 
(151.39) 


95.8 
(14.85) 


4,597 
(110.44) 


771 
(18.52) 


8.41 
(3.31) 


17.8 
(7.01) 


15.2 
(5.98) 


18.0 
(7.09) 


19.2 
(7.56) 


S  49 


49.43 
(99.65) 


62.97 
(9.76) 


1,819 
(43.70) 


320 
(7.69) 


7.29 
(2.87) 


14.9 
(5.87) 


S  54 


54.54 

(109.95) 


69.48 
(10.77) 


2,073 
(49.80) 


359 
(8.63) 


7.50 
(2.95) 


15.4 
(6.06) 


S  64 


64.70 

(130.42) 


82.70 
(12.82) 


3,252 
(78.13) 


604 
(14.51) 


8.06 
(3.17) 


17.2 
(6.77) 


UIC  54 


54.40 
:i09.66) 


69.34 
(10.74) 


2,346 
(56.36) 


418 
(10.04) 


7.49 
(2.95) 


15.9 
(6.26) 


UIC  60 


60.34 
(121.64) 


76.86 

(11.91) 


3,055 
(73.40) 


513 

(12.32^ 


8.09 
(3.19) 


17.2 

(6.77) 


(The  P50,  P65,  and  P75  data  are  those  of  1961) 
Hill.  <iO!t 
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chemicals  and  other  possible  causes  of 
contamination  has  been  a  real  problem  for  a  long  time.  But  not  any  more!  We  have 
developed  an  engineering  fabric  impregnated  with  a  tough,  impermeable  rubber 
membrane,  designed  specifically  for  use  in  containment,  collection  and  recovery  systems. 

It's  called  IT"  ...in  other  words.  Impregnated  Textile. 

IT'"'can  be  used  effectively  at  fueling  locations,  ready  tracks,  heavy  duty  maintenance 
facilities. ..in  tank  storage  areas  and  as 
pond  and  pit  liners...  to  mention  only  a  few. 


Contamment,  collection  and  recovery 
problems?  Remember  IT! 

To  find  out  more  about  IT. ..and  a  FREE 
sample  of  IT,  fill  out  the  coupon,  clip  and 
mail  today. 


TMUMlEMPMR 


MAIL  TODAY! 


I  want  to  lind  out  more  about  IT' 

Mail  intormation  and  literature 

Have  a  representative  call  and  deliver  sampli 
True  Temper  Corp.,  Rail  Appliance  Division 
1623  Euclid  Avenue.  Cleveland,  Ohio  44115 


Company 
Address  _ 

City     

State 


-Zip. 
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LORAM'S  ALL  AMERICAN 

TRACK  TEAM 


Modern 
Maintenance 
of  Way 
Equipment 

...designed 
to  do  the  job 
better,  easier 
and  at  less  cost 

—  with  your 
men 
or  ours  — 

in  record  tinne! 


I.  ir.   -^  ,     ^il 


AUTOTRACK  WITH  PLOW  AND  S^ED 


THE  WINNING  TEAM  FOR  TRACK  REHABILITATION  PROGRAMS 
LORAM  RAILWAY  MAINTENANCE  EQUIPMENT  FOR: 

•  Shoulder  Ballast  Cleaning  •  Raising  Track  •  Resurfacing  • 
Reballasting  •  Replacing  Ties  •  Undercutting  •  Ballast  Cleaning 

•  Crib  Skeletonizing  •  Rail  Grinding  Single  or  Multiple  track  • 
Mainline  or  Yard  tracks 

CONTRACT,  SALE  or  LEASE 


FOR  FULL  DETAILS 
OR  SHOWING  OF 
OPERATING  FILMS, 
WRITE  OR  CALL  TODAY 


LORAM  1  MAINTENANCE  OF  WAY,  INC. 


3900  Arrowhead  Drive  •  Harvel.  MN  55340  US  A 
PHONE   (612)478-6014  ■  TELEX   29-0391:  Cable  LORAM 
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lubricators 
are  the  same ! 

Why  the  M&S  Rail  Lubricator  is  the  BEST: 


Moore  &  Steele  Corporation 

Owego.  Tioga  County,  NY.  13827 

USA    (607)  687-2751 

iAOORE  ^  STEELE 


1.  THE  SYSTEM  -  From  the  Activator  to 
the  Applicator,  all  the  components  used  are 
the  results  of  over  40  years  of  testing 
and  refinements 
Z  INSTALLATION  -  Two  men  can  install 
a  Single  Plunger  Unit  in  less  than  3  hours. 
3.  MAINTENANCE  -  Inexpensive  mainte- 
nance parts  are  easily  removed  for  cleaning 
or  replacement 
4.  TOUGHNESS  -  All  components  are 
designed  to  give  that  something  extra  to 
stand  the  grueling  year 
in,  year  out  service 
demanded  by  todays  modern  railroads 
5.  SELECTION  -  Single  and  Double  Rail  Units  are 
available  in  either  two-port  or  four-port  design 
at  very  competitive  prices. 
Send  for  our  completely  Illustrated  brochure 
before  you  buy  any  other  rail  lubricator. 
ALSO  manufacturers  of  the  fvl&S  SWITCH  POINT 
PROTECTOR  which  extends  switch  point  life  at 
a  very  nominal  cost 


peep  Injection 

ok&t,  STABILIZATION 
OF  HIGH  FILLS 


Deep  seated  subgrade  problems 
can  be  treated  with  Woodbines 
new  deep  injection  system.  Lime 
Slurry  or  other  pozzolanic  grouts 
can  be  injected  to  depths  of 
40 'or  more.  Injections  are 
continuous 
without  requir- 
ing connec- 
tions,  therefore 
in-place  deep 
stabilization 
can  be  done  on 


WOODBINE 


a  cost  effec- 
tive basis. 

At  Woodbine  we  have  the  depth 
to  call  on  when  special  problems 
demand    a    different    approach. 
Give    us    a    call  and    utilize  our 
considerable 
experience  —  a 
combined   total 
of   more   than 
1 00   yea  rs    i  n 
lime   stabiliza- 
tion. 


2510  DECATUR  AVE. 
FORT  WORTH, 
TEXAS  76106 
PHONE  (817)  624-1189 
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The  Allegheny  Insulated  Rail  Joint- 

Designed  to  withstand  the  heaviest  traffic 
in  welded  rail 


This  modern  joint  cements  roil  ends  in  position  and  thereafter 
resists  all  forces  imposed  by  temperature  and  simultaneous  forces 
of  live  loads  to   move  them. 

This  joint  makes  welded  rail  truly  continuous.  It  promises  you  years 
of  service  without  maintenance  costs.  It  reduces  rail  and  wheel  batter 
to  a  previously  unknown  minimum.  It  employs  the  safety  of  steel  splice 
bars.  It  can  be  assembled  in  the  shop  or  field.  It  has  been  tested  in 
service  and  AAR   laboratories.  It  saves  you   lots  of  money. 

Allegheny  Drop  Forge  Company 

Subsidiary   of  Tasa  Corporation 
2707  Preble  Avenue  •  Pittsburgh,  Pa.   15233 
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We've  been  working  on 
Line  Clearances 


so  you  can  work  a  little  easier 

Let's  face  it  . . .  routing  of  oversized  and  overweight  shipments  is  a  compli- 
cated business.  To  help  you  uncomplicate  it,  here's  the  all  new  Railway 
Line  Clearances.  It's  a  modernized  version  of  the  classic  Railway  Line 
Clearances,  redesigned  to  help  you  do  your  job  better,  faster.  The  neu 
Clearances  has  more  of  what  you  need;  Alphabetical  arrangement, 
standardized  format  for  each  railroad;  modern  typefaces.  The  annual 
Railway  Line  Clearances  published  in  July  (with  interim  change  circulars) 
is  your  most  accurate,  up-to-date  source  for  researching  and  routing 
oversized  shipments.  So  order  your  copy  now!  Subscription  $10.00 
($8.00  to  registrant  companies).  New  York  residents  add  sales  tax. 


Order  your  copy  today.  Send  to; 
RAILWAY  LINE  CLEARANCES 

424  WEST  33rd  ST.  •  NEW  YORK.  NY  10001  •  (212)  563-7399 

Make  checks  payable  to  Railway  Line  Clearances 
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Service  Proven  Benefits 

OF  TRAFFIC  MASTER®  II   COMPUTER-BASED,  COLOR  VIDEO  cTc 

CONVENIENCE  —  Controls  are  input  via  a  compact 
keyboard  and  instantaneously  processed  for  transmission. 
Indications  are  automatically  returned  and  displayed  on 
vivid  color  video  display  units.  Up-to-the  minute 
operations  reports  -  OS,  signal,  train,  and  block  (others 
optionally  available)  -  are  provided  via  video  display  and 
line  printer,  on  schedule  and  upon  request. 

ECONOMY  —  Multiple  control  centers  are  consolidated, 
and  the  entire  territory  is  controlled  from  one  location. 
Track  changes  require  software  revisions  only  -  control 
office  hardware  modifications  are  not  normally  required. 

VERSATILITY  -Traffic  Master  II  can  be  tailored  to  meet 
the  requirements  of  any  rail,  rapid  transit,  or  open  pit 
mine  railway  system.  It  interfaces  to  any  coding  system  - 
from  relay,  to  solid  state,  to  computer  controlled. 


e 

R 

s 

GENERAL  RAIL\A/AY  SIGNAL 

A    UNIT    OF    GENERAL    SIGNAl. 

ROCiHESTEP         fMEW>OQK            'JBOS 
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HoH  one  man  can  do 
the  Hork  of  four.  Safely. 


With  Safetran's  E-Z  Gauger,  one  man  can 
check  track  gauge,  realign  off -gauge  track,  and 
hold  the  rails  at  correct  gauge  while  respiking 

Alone 

On  curves,  bridges,  and  scales  At  switch- 
points,  frogs,  and  high-speed  turnouts  On  the 
mainline  Fully  insulated 
for  use  m  signal  territory 

Safely,  accurately,  and  easily 

The  key  is  the  E-Z  Gauger,  a  rather 
remarkable  little  piece  of  equipment  Only 
42  pounds  and  72-inches  long,  the  E-Z 
Gauger  is  ruggedly  constructed  of  a 
steel,  and  precisely  engineered  for 
accuracy  and  ease  of  operation 

To  order  specify  E-Z  Gauger 
082050-X  or  for 
further  information 
contact  us. 


Safetran  Systems  Corporation 

7721  National  Turnpike   •   Louisville.  KY  40214    •     1502)361-1691 
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A  COMPLEX 
CROSSING 


w-m       This  119  1b.  R.E.  rail 
complex  crossing,  a  crossing 
within  a  crossing,  is  an  example  of  the 
highly  technical  engineering  and 
craftsmanship  developed  by  Nelson  Iron 
Works  to  meet  industrial  railroad  track 
requirements. 

We  specialize  in  the  manufacturing  of 
railroad  track  material,  such  as  frogs,  switches 
and  crossings. 

Complete Trackwork  Catalog axailable  on 
request  —  no  obligation. 


INEISON, 


IXOBT  f¥OMtKS.  IKC. 


\Uiiling  address;:  P.O.  Box  80816,  Seattle,  Wa.  98108 
3423  Thirteenth  Ave.  S.W.,  Seattle,  Wa.  98134 
Telephone:  (206)  623-3800 
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BURRO 


Provide 

work  power 

and 

travel  power 

when  and 

where 

you  need  it. 


Versatile 
Dependable 


Fast  travel  speeds  and  heavy  draw  bar  pull  permit  the  BURRO  to  haul  its 
own  work  train  of  loaded  cars  and  maintenance-of-way  personnel.  Once 
on  the  job,  BURRO  sets  up  fast  and  gets  the  job  done  quicker,  more 
economically  with  hook,  magnet,  tongs,  bucket  or  dragline.  Unusual 
versatility  makes  it  ideal  for  handling  a  wide  variety  of  maintenance-of- 
way  assignments.  Ask  railroad  men  that  have  used  one  or  write  or  call 
us  at  312-521-9200  and  find  out  how  BURRO's  work  power  can  generate 
earning  power  for  you. 


BURRO 


serving  Railroads  and  Industry  with  BURRO  Cranes 
%  and  Maintenance-of-way  Accessories  «,«»/» 

RRI 

BURRO    CRANE    INC.  laOOS.Kilbourn  Avenue  •  Chicago,  Illinois  6O623  ■~-\-L 
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Advertisement 


A  DOZEN  (and  one)  WAYS  to 

IMPROVE  your  M/w  PROGRAM 


PLUS  A  FULL  SELECTION  OF  HYDRAULIC  TOOLS  ix c  vec» 

■  M' 


A 


RAILROAD  PRODUCTS,  INC. 

152J  FREDERICK  STREET         RACINE    WISCONSIN  5340J 
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. . .  that  ■will  prevent 
buckling,  puU-aparts, 
and  other  problems 
caused  by  rail 
expansion  and 
contraction! 


In  addition,  each  Conley  Slid- 
ing Rail  is  designed  to  meet 
speciSc  track  conditions.  Each 
is  completely  automatic  and 
temperature-controlled.  And 
its  heavy  base  (approx.  2,400 
lbs.)  assures  solid  foundation 
and  rugged,  long-lasting 
dependability. 

The  heat-treated,  pre-curved 
wing  rail,  and  one-piece  man- 
ganese steel  casting — consisting 
of  base,  point,  guard  rail,  and 
rail  braces — insures  a  constant 
gauge.  (Photo  indicates  the 
heavy  wheel  tread  that  is 
maintained  regardless  of  rail 
expansion  or  contraction.) 


C«nley 


For  complete  details  write: 

Conley  Frog  and.  Switcli  Co. 

Box  9188  I  Memphis,  Tennessee  38109 
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Try  this  with 

the  tie  plates  you're 

using  now. 


Chances  are  you  can  ,  because 
conventional  tie  plates  weigh 
about  20  pounds  each.  But  the 
ones  above  average  only  one 
pound  each'  They  re  the  highly 
durable,  polyethylene  lie  plates 
from  Koppers 

Weigh  Less,  Cost  Less.  That  s 
right.  They  re  1   20th  the  weight 
of  the  tie  plates  you  re  probably 
using  now.  For  you.  this  means 
greatly  reduced  freight  costs 
and  much  easier  handling  for 
your  trackmen   What  about  price^ 
For  more  direct  savings.  Koppers 
polyethylene  tie  plates  cost  less 
than  today  s  conventional  tie 
plates 


Two  types  of  Lightweight 
Heavyweights.  Koppers  now  has 
readily  available  the  single- 
shouldered  or  double-shouldered 
tie  plate  for  sidings  and  industrial 
track.  With  some  limitations,  the 
double-shouldered  tie  plate  can 
also  be  used  for  branch  lines  and 
main  lines 

Tested  and  Proven.  Extensive 
tests  were  conducted  at  Koppers 
Research  Center  using  a  Tie 
Wear  fvlachine  designed  and 
developed  by  the  Association  of 
American  Railroads.  After  many 
years  of  simulated  wear  by  the 
machine,  there  was  no  damage  to 
the  tie  plates  or  to  the  load 


bearing  area  of  the  tie  under  the 
plates.  And  after  over  6  years  of 
successful  field  testing  on 
some  of  the  nation  s  leading 
railroads,  these  high  density 
polyethylene  tie  plates  have 
more  than  proven  their  durability, 
corrosion  and  weather-resistance 

Readily  Available.  Because 
our  tie  plates  are  available,  you 
won  t  have  to  plan  far  in  advance 
when  ordering  To  find  out  how 
little  time  it  would  take,  ask  for 
our  complete  Tie  Plate  Informa- 
tion Kit  by  writing  to  Koppers 
Company   Inc    Forest  Products 
Division.  1900  Koppers  Building. 
Pittsburgh   PA  1521P 

KOPPERS 
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PETTIBONE 


A  complete  line  of  frogs,  switches 
and  trackwork  specialties. 


Equipment  for  track  maintenance  and  materials  handling. 


Multikranes 
7V2to35  tons 
Truck-Kranes  15  to  80  tons 


A  complete  line  of  Pettibone 
Mercury  lift  trucks  and  tow 
tractors. 

Hydro  Mower  brush  cutters. 


Speed   Swing 

models  441-B  &   442-B 


PETTIBONE  CORPORATION 

233  S.  Wdckcr  Dr.    Suite  5700 
Chicago,  III.  60606 

:il2/R76-0618 

PETTIBONE    OHIO    CORP. 

6917  Bessemer  Ave. 
Cleveland,  Ohio  44127 
216/641-4000 
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Plasser  Undercutter/Cleaner  RM  74  U 

With  the  Plasser  RM  74  U  a  new  dimension  is  added  to  ihe  capabilities 
of  ballast-undercutting  and  cleaning  machines.  The  RM  74  U  not  only 
undercuts  plain  track  and  excavates,  cleans  and  restores  the  ballast  but 
it  has  special  capabilities  that  permit  it  to  work  through  turnouts.  These 
capabilities  are  provided  as  the  result  of  supplementary  links  that  con  be 
inserted  in  the  undercutting  chain.  By  adding  8  or  9  of  these  links  the 
undercutting  width  can  be  extended  to  22  feet  so  that  the  machine  can 
work  its  way  into  a  turnout  from  the  switch  to  the  point  where  20  inches 
to  28  inches  separate  the  ends  of  ties  in  the  main  track  from  those  in  the 
side  track.  The  additional  lengths  are  then  removed  and  the  machine 
continues  on  its  way.  This  capability  enables  the  machine  to  start  on  a 
turnout  from   the  wide  end  as  well  as  the  narrow    (facing   point)    end. 

Features  of  the  RM  74  U,  including  a  high  capacity  screen  for  cleaning 
the  ballast,  are  such  that  it  has  a  designed  production  of  nearly  20,000 
cubic  feet  of  ballast  per  hour.  When  the  machine  is  operating  on  super- 
elevated   curves   the   screen   can   be   maintained   in   a   horizontal   position. 

If  desired  the  RM  74  U  may  be  equipped  with  a  track-lifting  and  lining 
device.  It  may  also  be  adapted  for  placing  a  blanket  of  sand  under  the 
ballast   section. 

Designers  of  the  RM  74  U  gave  special  attention  to  the  safety  and 
comfort  of  the  operator.  Soundproofing  of  the  engine  housing  and  cabins, 
and  rubber  sheeting  covering  the  ballast  excavating  and  screen  unit  reduce 
noise  to  a  minimum   level. 


Plasser  American  Corporation 

2001   Myers  Road,  Chesapeake,  Virginia  23324,    (804)    543-3526 
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Thermit 


® 


way! 


...A  MODERN,  SELF-PREHEAT  METHOD  OFFERING: 

D     AUTOMATIC,  ERROR-FREE  PRE-HEATIN6  AND  TAPPING 

OF  WELD   METALS 
D     EASY,  COLD  REMOVAL  OF  RISERS 
D     NO  EQUIPMENT  TO  PURCHASE  OR  LEASE 

Call  or  Write  For  FREE  Details... Plus,  Job-Site  Demonstration 


LIS.  THERMIT  INC 


Lakehurst,  New  Jersey  08733  •  (201)657-5781  Teiex:  TEGOWHP  710-568-1352 
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lEIEWELD 

Rail  Maintenance  Service 

Rail  End  Welding 

Rail  End  Hardening  DOf 


MEMBER 


ONR  Joint  Normalizing  ^"5; 

Frog  and  Switch  Welding 

Rail  Maintenance  Equipment 

Custom  Manufacturing  and  Fabrication 

Joint  Bar  Shims 

Rail  Anchor  Shims 

Rail  End  and  Frog  and  Switch 

Welding  and  Grinding  Machines 
CWR  Heating  and  Cooling  Equipment 
Rail  Flaw  Testing  Equipment 
Telebrineller  Portable  Hardness  Tester 


TELEWELD  INC.,  416  NORTH  PARK  ST.,  STREATOR,  ILL.  61364 

Write  for  details  of  the  TELEWELD  process  for  restoring  rail  ends. 
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TIE-SAVR  ... 

EFFECTIVE  SOLUTION  TO 
AN  AGE-OLD  PROBLEM 


Easy  reclamation  process  adds  five  to  eight  years 
to  spike-l<illed  ties. 

Our  new  spike  hole  tiller  is  proving  lo  be  a  teal  winnpri  Now  readily  available,  its 
rapidly  replacing  wooden  dowels  as  Ihe  standard  meltiod  ot  repairing  spil^e-killed 
trackage 

A  dry,  granulat  compound.  Tie-Savr  results  from  a  lormula  thai  includes  a  wood 
preservative,  a  petroleum  byproduct,  and  various  other  chemicals  Two  to  three 
ounces  fill  the  average  oversize  spike-killed  hole 

Heat  generated  by  te-spiking  causes  the  Tie-Savr  lo  plaslicize  and  firmly  interlock 
with  Ihe  wood  fibers  inside  the  spike  hole' Adherence  lo  Ihe  spike  metal  itself  is 
assured  by  chemical  reaction  as  the  cooling  process  takes  place  Therefore.  80 
percent  ol  Ihe  original  spike-to-lie  bond  is  achieved  and  sustained  from  five  to 
eight  years,  (One  railroad  customer  expects  eight  to  ten  years  per  lie  I 

Tie-Savr  virtually  insures  important  maintenance  of  way  savings  in  replacement 
ties,  lie  gang  labor  costs,  and  lost  operational  time. 

Want  to  know  more''  Call  or  write  RACIME  FiAILROAO  PRODUCTS.  INC  . 
1524  Fredenck  Street.  PO  Box  4003,  Racine.  Wl   53404.  Phone  414-637-9681 


48-18 


Advertisement 


Whalll  Great  Way  to  Hold 
II  Railroad  Ibgether 

□  Standard  and  insulated  track  joints 

□  Motive  power  and  rolling  stock 

□  Bridges  and  other  RR  structures 

Send  for  our  newest  FREE  CATALOG 
on  how  to  hold  it  all  together: 

HUCK  MANUFACTURING  COMPANV 

8001  Imperial  Drive  D  Waco,  Texas  7671 0 


HUCK 


L  R  S 
Continuous  Welded  Rail 

We  will  furnish  everything  for  Cropping  and  Welding 
All  we  need  is  a  level  site  and  a  pile  of  rail 


LEWIS  RAIL  SERVICE  COMPANY 

1949  Green   Road  Cleveland,  Ohio  44121 

(216)    486-7583 
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Nordberg 

railway 

equipment. 


Saves  time 
and  money 
all  along 
the  line. 


SELF-PROPELLED 
ADZER 

HYDRA-SPIKER 

LINE  INDICATOR 

PLATE  PLACER 

POWER  JACK 

RAIL  DRILL 

RAIL  GANG  SPIKER 

RAIL  GRINDERS 

ONE  MAN  SCARIFIER 
AND  INSERTER 

SPIKE  HAMMER 

SPIKE  PULLER 

SPIKE  STRAIGHTENER 

SURF-RAIL  GRINDER 

SWITCHLINER 

TRACK  INSPECTOR 

TIE  DRILL 

TIE  SPACER 

TRACKLINER 

DUN-RITE  GAGER 

X-LEVEL  INDICATOR 


Right  of  way 
maintenance  and 
construction  is  a  tough 
job,  and  getting  tougher. 
Nordberg  railway 
equipment  is  precision 
engineered  to  keep 
things  rolling  — to  get 
the  job  done  on  time, 
at  low  cost.  Write 
Rexnord  Railway 
Equipment  Division, 
Box  383,  Milwaukee, 
Wisconsin  53201. 


V 


Rexnord 

imituM 
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What's  the  most  sensible  thing 
to  say  when  your  customer 
says,  "Siding!"? 

Foster. 

Since  you  run  a  railroad  and  we  supply  rail,  you 
shouldn't  worry  when  one  of  your  customers  needs 
siding  repair,  replacement  or  expansion. 

Point  your  customer  to  the  only  one-stop  source 
for  rail  and  track  material:  us. 

We  offer  prompt  delivery  from  the  most  com- 
plete rail  warehousing  facilities  in  the  country. 

We  stock  all  standard  sections  of  tee  and 
crane  rail  —  new  and  relay  —  from  12  to  175 
lbs.  We  also  supply  FasTrak,  the  preassem- 
bled,  steel-tied  panel  that  saves  time  and 
money.  Plus  all  the  accessories  your  cus- 
tomer will  need. 

So  the  next  time  your  customer  says, 
"Siding!  "  say,  "Foster."  Because  that's 
what  makes  sense.  For  your  customer. 
And  you.  And  us. 

L.B.  Foster  Company, 
Foster  Building,  415  Holiday 
Drive,  Pittsburgh  PA 
15220. 


:t:?- 


FOSTER 


L.B.FaSTER 
COMPANY 
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RTW  PORTABLE 
RAIL  GRINDERS... 


A  model  for  every  requirement. 

With  over  65  years  of  grinder  experience,  RTW  has 
developed  the  most  complete  line  of  versatile,  portable 
grinders  available  to  the  industry.  Whatever  your  need, 
there's  a  RTW  model  especially  designed  for  the  job. 

•  E-72  (shown  above),  a  flex-shaft  power  plant  with  a  variety  of  attachments 
for  multipurpose  use. 

•  E-1  (shown  below),  a  lightweight  flex-shaft  grinder  available  with  straight 
and  cup-wheel  hand  piece. 

•  P-6-L,  for  high-speed  precision  grinding  of  frogs  and  rail  joints. 

•  P-16  DSP,  a  heavy  duty  unit  designed 
for  removing  overflow  metal  from  all 
types  stock  rails  and  switch  points. 

•  JG-970,  dual  head,  cross  grinder  for  high- 
production  rail  slotting. 

•  X-60,  a  single  head  cross  grinder 

•  P-45-A,  cup-wheel  surface  grinder  for 
reforming  welded  rail  ends. 

Write  for  detailed  specification  sheets  on 
these  and  other  high-performance 
equipment  by  RTW 


RTW 


Other  RTW  Maintenance  Equipment  m  i  m  b  i  n 

Switch  Point  Grinders  •  Cross  Grinders  (Rail  Slotfer)  •  Surface  Grinders    Mft^t 
Frog  Grinders  •  Flexible  Shaft  Grinders  (with  attachments)  .tT.TT 

RAILWAY  TRACK-WORK  CO.  2381  Philmont  Ave  ,  Bethayres.  Pa   19006 

Agents  Philadelphia     B  E  Carey  •  Chicago  — ESCO  Equipment  Service  Co 

Houston  — Service  Equipment  &  Supply  Company  •  Los  Angeles- Simkins  Company 

Louisville -T  F  Going  •  St   Louis-R  E   Bell  Co 

S  Plainfleld,  N.J  —Eastern  Railroad  Equipment  Corp  •  Canada   Montreal-  Woodings-Canada  Ltd. 

Export  American  Equipment  Co..  Boca  Raton.  Florida 
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SEALTITE    HOOK    BOLT 

Fastens  timbers  and  ties  to  sfeel  beams.  Easy 
to  install,  long-life.  Fins  prevent  turning. 
Spring    lock    holds    tension. 


SEALTITE    SPRING    LOCK 

Maintains    tension    as    timber 
changes   by  weather  or  wear. 


SEALTITE    DOME    HEAD    DRIVE    SPIKE 

Fastens  timbers  and  plonk  decking  on  grade  crossings, 
bridges  and  docks.  Wide,  smooth  head  seals  opening, 
wears  well. 


C       LEWIS    WASHER    HEAD    TIMBER    DRIVE    SPIKE 

Fastens  highway  crossing  planks,  bridge  guard  rails  and 
general  timber  construction.  One-piece  head.  Easy  to 
install   and   remove. 


e 


T  i"RTA7"IS  BOLT  &  NUT  COMPANY 

504   MALCOLM   AVE.   S.E.,  MINNEAPOLIS,  MINN.   55414 


KERITE 
CABLE 


RRI 


Kerite  has  stood  the  test  of  time,  not  only  in  the 
laboratory  but  where  it  counts. ..in  use.  Kerite. 
the  cable  that  lasts. ..and  lasts. ..and  lasts... 

THE  KERITE  COMPANY 


PRINCIPAL  OFFICES:  Atlanta:  Boston;  Chi- 
cago; Houston;  Los  Angeles:  San  Fran- 
cisco; and  Seymour.  Connecticut  •  Sales 
Representation  throughout  the  United 
States.  A  subsidiary  of  Harvey  Hubbell 
Incorporated. 


H'$  fhe  KERITE  Insulation  that  makes  the  difference 
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RAILWAY      MOTOR      CARS 
AND     WORK      EQUIPMENT 
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INSPECTION  MOTOR  CARS 
SECTION  MOTOR  CARS 
GANG  MOTOR  CARS 
PUSH  CARS  AND  TRAILERS 
HY-RAIL  EQUIPMENT 
BALLAST  MAINTENANCE  CARS 
WEED  MOWERS 
TOW  TRACTORS 
RAIL  GRINDERS 
DERRICK  CARS 
HYDRAULIC  POWER  TOOLS 
TRACK  LINERS 


TRACK  LINING  LIGHT 

SPIKE  DRIVERS 

TIE  REMOVERS 

TIE  HANDLERS 

RAIL  LIFTERS 

TIE  SHEARS 

TIE  BED  SCARIFIERS 

SPIKE  PULLERS 

TIE  PLUG  INSERTERS 

TIE  SPRAYERS 

TIE  INSERTERS 


THESE   UNITS  ARE   ACTUATED   EITHER  COMPLETELY 
OR  PARTIALLY   BY   HYDRAULIC   POWER 


FAIRMONT  RAILWAY  MOTORS,  INC.,  FAIRMONT,  MINNESOTA  56031 


Feasibility  Study  of  On-Site  Flame 
Hardening   of  Rail* 

By   BRUCE    R.    HOLLWORTH       and    ROGER    K.   STEELE+ 

ABSTRACT 

The  results  of  a  preliminary  analytical  study  indicate  that  il  is  feasible  to 
Hame  harden  or  stress  relieve  railroad  tracks  in  the  field  by  towinj^  a  heat  source, 
consisting  of  an  array  of  fuel  gas  torches,  along  the  track  at  constant  speed. 

The  study  indicates  that  it  is  desirable  to  use  as  long  a  heat  source  as  is 
practical.  This  permits  the  use  of  high  source  speeds  (thereby  minimizing  the 
time  required  to  process  a  given  length  of  rail)  \\'ithout  producing  excessive  hot 
spot  temperatures  on  the  rail,  and  without  requiring  inordinately  high  heat  fluxes. 

For  flame  hardening,  a  source  having  a  length  of  40  ft  (12  m)  may  be  towed 
at  a  speed  in  excess  of  25  ft  per  minute  (0.13  m/s).  The  heat  flux  required  is 
approximately  400,000  BTU/hr-ft-  (1260  kw/m-),  which  is  well  within  the  capa- 
bilities of  fuel  gas  ( acetylene,  propane,  etc. )  flames.  For  stress  relieving,  the  time 
"at  temperature"  is  significantly  longer  than  for  flame  hardening,  hence  the  source 
six'eds  are  lower.  A  40  ft  (12  m)  source  may  be  towed  at  4  ft  per  minute 
(0.02  ra/s);  the  heat  flux  required  is  approximately  90,000  BTU/hr-ft-  (280 
kw/ni- ). 

INTRODUCTION 

The  continuing  increase  in  the  average  weight  of  freight  cars  has  produced 
severe  demands  upon  the  conventional,  virtually  eutectiod,  pearlitic  rail  steels.  As 
wheel  loads  have  exceeded  700  lb/in  (122  N/mm)  of  wheel  diameter,  significant 
plastic  flow  has  begun  to  occur  at  and  below  the  running  surface  of  die  rail, 
leading  indirectly  to  subsurface  initiated  rail  defects  such  as  shells  and  detail  frac- 
tures. In  addition,  heavier  wheel  loads  have  accelerated  the  weir  process  thus 
reducing  the  service  life  of  rail. 

Both  alloying  and  heat  treatment  have  been  utilized  ettectively  tt)  comliat 
these  problems.  Hay  et  al  [1]*  gives  a  fairly  extensive  review  of  work  done  in 
this  area  to  date.  In  both  approaches,  the  object  has  been  to  produce  a  refined 
pearlitic  structure  of  greater  hardness  and  therefore,  greater  strength,  which  can 
more  adeciuately  resist  the  tendency  toward  plastic  flow  in  the  rail  head.  Heat 
treatment  has  been  accomplished  in  two  different  ways:  hardening  of  the  full  rail 
section,  and  localized  induction  hardening  of  the  upper  portion  of  the  rail  head 
only.  In  spite  of  the  capital  cost  of  equipment  needed  for  heat  treatment,  this 
approach  has  remained  attractive  because  of  its  ability  to  make  use  of  the  standard 
rail  composition  for  which  manufacturing  processes  are  well  established  and  to 
avoid  the  possibility  of  brittle  transformation  products  whicli  can  occur  in  some 
alloy   compositions   if   c(K)ling   schedules   are   not   vigorously   maintained. 
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Because  of  limitations  in  the  supply  of  (and  demand  for)  heat  treated  rail, 
the  question  of  whether  heat  treated  rail  can  be  satisfactorily  manufactured  by 
users  or  secondary'  suppliers  rather  than  steel  producers  has  persisted  through 
the  years.  Induction  heating  has  been  shown  to  produce  a  highly  satisfactory- 
product  of  excellent  consistency  when  rails  of  proper  characteristics  are  selected 
for  treatment.  The  relatively  low  cost  of  flame  hardening  has  lead  this  approach 
to  be  attractive  as  well.  Unfortunately,  the  consistency  of  flame  hardened  rails 
has  not  always  been  satisfactory — although  under  some  circumstances  a  product 
highly  resistant  to  shelling  was  obtained. 

Potentially,  rail  could  be  heat  treated  at  the  welding  plant  where  continuous 
welded  rail  (CWR)  is  produced  or  even,  conceivably,  at  specific  field  sites  where 
limited  amounts  of  wear  resistant  rail  are  needed.  Howe\"er,  if  this  were  to  be 
done,    three   questions   need   be   answered: 

( 1 )  What  is  the  amount  of  fuel  and  coolant  needed  to  produce  a  minimally 
acceptable  product?  Both  contribute  to  the  total  cost  of  the  process. 

(2)  What  are  the  magnitudes   of  the  distortions  produced  by  heat   treatment 
and  how  may  they  be  controlled  to  retain  needed  rail  straightness? 

(3)  What  factors  influence  the  variability  in  steel  hardenability  to  the  extent 
that  changes  in  process  controls  would  be  necessary? 

The  work  to  be  described  in  the  following  sections  addresses  the  first  of 
these  three  questions,  specifically  with  regard  to  the  configuration  of  heat  source 
necessary  to  produce  a  heat  hardened  rail.  Somewhat  arbitrarily,  the  target  con- 
ditions against  which  a  parametric  study  could  be  made  were  defined  such  that 
the  austenitizing  temperature  of  the  rurming  surface  of  the  rail  was  required  to 
be  at  least  1500°F  (l>ut  not  to  exceed  1800°F)  for  thirty  seconds.  Basically,  the 
requirements  is  to  permit  the  generation  of  a  highly  refined  pearlitic  structvue 
at  the  running  surface  without  overheating  the  surface  so  much  as  to  cause  excessi\  e 
austenitic  grain  gro\\th.  The  selection  of  other  times  and  temperatures  would 
influence  the  heat  treatment  rates  and  fuel  consumptions  but  would  not  alter  the 
method   of  analysis   used. 

For  the  purpose  of  this  preliminary  feasibility  study,  it  is  assumed  that  the 
flame  hardening  apparatus  consists  of  a  railroad  car  outfitted  with  multiple  fuel 
gas  torches,  which  is  pulled  at  constant  speed  along  the  tracks.  It  is  assumed  also 
that  this  is  followed  by  a  second  car  equipped  with  spray  nozzles  for  quenching. 
This  is,  in  fact,  a  scaled-up  version  of  the  sort  of  rig  used  to  progressively  flame 
harden   much   smaller  workpieces   in  a  shop  environment. 

It  is  concei\'able,  also,  that  a  similar  procedure  might  be  used  to  relie\e 
residual  stresses  in  the  rail.  Stress  relie\ing  is  accomplished  by  heating  the  rail 
to  a  subcritical  temperature,  maintaining  it  at  this  temperature  for  roughly  an 
hour  ( ideally )  and  then  allowing  it  to  cool  slowly — an  air  quench  is  usually  used 
here.  It  is  impractical  to  keep  the  rail  at  temperature  for  anything  near  an  hour 
as  this  would  require  moving  the  heat  source  at  very  low  speeds.  However,  tests 
conducted  by  Jenkins  and  Grover  [2]  indicate  that  approximately  50?  stress  rela.\a- 
tion  may  be  obtained  by  holding  a  specimen  at  1100°F  for  only  3  minutes. 
Because  the  mathematics  describing  the  heat  transfer  for  these  two  processes  is 
the    same,    calculations    were    made    also    to    detennine    the    feasibility    of   using   a 
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mobile  heat  source  to  partially  stress  relieve  rails  in  the  field.  For  stress  relieving, 
target  conditions  were  that  the  rail  surface  temperature  be  at  least  1000° F  (but 
not  to  exceed   1200° F)    for  3  minutes. 

THE  ANALYTICAL  MODEL 

Rosenthal  [3]  has  obtained  a  closed-form  solution  of  the  heat  conduction 
equation  for  the  case  where  a  uniform  heat  source  ( length  r=  L )  moves  at  con- 
stant speed  (V)  in  the  x-direction  across  the  top  surface  of  a  flat  plate  (thick- 
ness =■  a ) .  The  plate  is  assumed  infinitely  large  in  the  x  and  y  directions  and  the 
source  is  infinite  in  the  y-direction.  The  top  and  bottom  surfaces  (z  =z  o  and 
z  =  a,  respectively )  of  the  plate  are  adiabatic — except  for  that  portion  of  the  top 
surface  where  the  source  is  located.  Of  course  this  solution  is  \alid  also  for  a 
rectangular  bar,  as  long  as  no  heat  is  permitted  to  cross  the  edges  as  well  as  the 
top  and  bottom  surfaces. 

The  technique  used  to  solve  for  the  temperature  distribution  in  the  bar  is 
called  the  "method  of  images,"  and  the  solution  is  obtained  in  the  form  of  an 
infinite  series.  The  solution  is  quasi-steady  in  that  it  is  time-independent  if  the 
coordinate  system  is  permitted  to  move  along  as  if  fixed  to  the  source.  The  surface 
temperature  (i.e.,  at  z  ^  o)  may  be  conveniently  expressed  in  a  dimensionless 
relation  of  the  form 


T  =  T   (L,  A,  S),  (1) 

where  the  dimensionless  variables  are 


L 


LV 

2a 

_a_ 

"L  (2) 


s^-^ 


T  = 


L 

cpaV(T,  —  T.  ) 


qL 


and   the   dimensional   varial^les  are  defined   in   the  nomenclature  table.   The  solution 
for   the   surface  temperature  distribution  is: 

For  Points  Behind  the  Source   (S<o): 

— L(,M„— 1)  — 

rr  2  1-e  (,u„-l)LS 

''='+    n  =  l     MM..-1) L -'  (^^ 

For  Points  Beneath  the  Source  (  o  :^  S  ^  1 ) : 

-2L  -(M„+1)LS 

-        1-e  ^  2  1  — e 

T=l-S-f- + 


L  n=:l     M„(l-f^,.)  L 

-(M„-l)    (L-'S  L) 
,        i      2 1-e ,4. 

+    ,,=  l      M,.(M„-1)  L  ^^^ 
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FoK  Points  Ahead  of  the  Souhce   (S  >  1): 

-2L  (l  +  Mn)L 

-f_     e       ^2      -2LS    ^      f       2 e _i_       -( 1  -  u.,  ,LS 

The  M„  values  are  given  by 


(6) 


Rosenthars  solution  may  be  used  as  a  rough  mathematical  model  of  a  rail 
being  heat  treatetl  (or  stress  relieved)  by  an  array  of  torches  being  drawn  at 
constant  speed  along  the  tracks.  It  must  be  noted  that  the  model  is  only  approxi- 
mate in  that: 

( 1 )  It  assumes   the  rail  has  a  rectangular  cross-section. 

(2)  It  assumes  uniform  heat  input  into  the  rail  over  the  entire  length  of  the 
heat  source.  An  array  of  torches  produces  a  distribution  with  peaks 
immediately  beneath  individual  torches,  and  regions  of  reduc-ed  heat 
transfer    between    torches. 

( 3 )  It  does  not  allow  for  heat  being  removed  from  the  rail  by  convection  and 
radiation  in  front  of  and  behind   the  heat  source. 

The  assmnption  ( no.  1 )  regarding  the  rail  shape  is  realistic  in  that  the  region  of 
interest  ( i.e.  the  head  of  the  rail )  is  essentially  rectangular.  Assumption  no.  2 
is  pennissible  because  the  motion  of  the  source  produces  a  "smoothing"  effect, 
and  the  rail  behaves  as  though  heating  were  uniform.  In  fact,  the  rail  reacts  as 
though  it  were  receiving  a  uniform  heat  flux  equal  to  the  average  value  of  the  non- 
uniform flux  distribution  produced  by  tlie  torch  arrangement.  Neglecting  heat 
losses  to  the  surroundings  (no.  3)  effects  rail  temperatures  far  removed  from  the 
heat  source  more  drastically  than  those  near  the  source;  the  latter  are  of  greatest 
interest  in  the  situation  being  considered.  Solutions  like  that  of  Rosenthal  ( i.e. 
those  which  disregard  heat  lost  to  the  surroundings )  are  regularly  used  to  predict 
temperature  fields  in  solids  being  welded  and  machines,  where  such  conditions 
also  prexail.  For  flame  hardening,  a  rapid  quench  follows  the  heating  i^rocess.  It 
is  assumed  also  that  the  spray  apparatus  is  far  enough  behind  the  heat  source 
so  as  not  to  have  an  appreciable  ettect  on  the  rail  temperatiue  field  beneath  the 
heat  source. 

Fig.  1  shows,  then,  the  model  being  used  to  represent  the  rail.  To  summarize, 
the  rail  is  represented  by  an  infinitely  long  rectangular  bar  which  is  adiabatic  on 
all  surfaces  except  the  top  surface  ( z  =  o )  immediately  beneath  the  mo\  ing  heat 
source.  The  source  itself  is  assumed  to  deliver  heal  to  the  rail  at  a  uniform  rate 
(1    (BTlVhr-ft-)    ()\er   its   length   L.    while   moving  along   the   rail   at  fixed   speetl  \'. 


Paper  by  Bruce  R.  Hollworth  and  Roger  K.  Steele 


53 


a  — 


1 


VD 


(/) 


A 


> 


O 
d 

Z) 

O 

00 

tt 

UJ 


y\ 


< 


-> 


O" 


\ 


.^, 


c 

9) 

H 


54  Bulletin  669 — American  Railway  Engineering  Association 

DESIGN  ANALYSIS 

Equations  (3)-(6)  were  used  to  determine  the  dimensionless  surfac-e  tem- 
perature distribution  (T  vs.  S)  for  wide  ranges  of  source  velocity  (V)  and  source 
length  (L).  Both  parameters  were  allowed  to  vary  over  ranges  which  were  felt 
to  include  most  values  of  practical  interest  for  this  application.  Table  1  shows  the 
43  combinations  which  were  considered.  Fixing  L  and  V  also  fixes  values  of  the 
two  dimensionless  variables  L  and  A  ( see  equ.  ( 2 ) )  so  that  a  single  dimension- 
less  temperature  distribution  may  be  plotted  for  each  of  the  combinations  of  V 
and  L  in  Table  1.  The  thickness  (a)  and  the  thermal  difFusivity  (a)  of  the  rail 
were  held  constant  at  0.4  ft  (0.12  m)  and  0.5  ft2/sec  (0.046  m^/s)  for  all  calcu- 
lations. A  short  Fortran  routine  was  written  to  compute  T  vs  S  by  summing  terms 
in  the  infinite  series  (see  eq.  (3),  (4),  and  (5))  until  sufficient  coverage  con- 
vergence was  obtained. 

Fig.  2  shows  the  dimensionless  temperature  distribution  generated  by  the 
method  outlined  above,  for  a  representative  case  L  =  10  ft  and  V  ^  3  ft/min. 
The  shape  is  generally  typical  of  the  distributions  for  all  other  cases  considered. 
T  approaches  zero  ( i.e.  Ts— >T  ■,. )  at  points  far  ahead  of  the  heat  source,  however 
T  approaches  unity  far  behind  the  heat  source.  The  analytical  model  pro\ides  no 
mechanism  for  the  rail  to  lose  heat  to  the  environment;  hence  it  remains  warm 
"forever"  after  the  source  has  gone  past.  There  is,  of  course,  a  temperature  hill 
beneath  the  source  with  the  hot-spot  (i.e.  point  of  maximum  temperature)  always 
occurring  near  the  trailing  edge  of  the  source. 

As  discussed  earlier,  it  was  assumed  that  the  rail  could  be  adequately  hardened 
if  all  points  on  its  surface  were  heated  to  T  ^  1500' F  (816°C)  for  30  seconds. 
On  temperature  profile  cur\'es  (like  Fig.  2)  this  30-second  time  inter\al  corresponds 
to  an  interval  in  S  (AS)  whose  length  is  given  by 

where  -^t  =z  30  seconds.  For  example,  with  L  =   10  ft  and  ^'  =  3  ft/min, 

_^  _    (3  ft/min)    (0.5  min)    _q  -j^g 
"~  10  ft 

A  horizontal  line  of  this  length  has  been  indicated  on  Fig.  2,  and  it  intersects  the 
vertical  axis  at  T  r=  2.47.  If  system  parameters  are  adjusted  such  that  this  \alue  of 
T  corresponds  to  an  actual  temperature  of  1500°  F,  it  amounts  to  "designing"  a 
system  (using  a  10  ft  (3.0  m)  heat  source  with  a  .speed  of  3  ft/min  (5.5m  hr)) 
which  will  insure  that  each  point  on  the  rail  surface  experience  T  ^  1500  F  for 
30  seconds. 

We  have  essentially  prescribed  values  of  all  parameters  in\ol\ed  except  the 
heat  flux  q.  From  the  definition  of  T  we  have 

^  ^      cpa   V    (T.   -  T  ,  ) 


qL 
soKing   for  q   yields 


cPa  \'    (  T^  -  T  . )  (8) 


q  =^ 

LT 
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If  we  put  Ts  =z  1500°F  (816°C),  T.  =  O^F  (-18"C)  (to  be  conser^•ative), 
P  =  500  Ibm/ff  (8000  kg/m"),  c  =  0.1  BTU/lbm-°F  (0.45  kJ/kg-°C)  and  use 
the  value  of  T  corresponding  to  the  "30-second  bar"  on  Fig.  2,  equ.  (8)  gives 
q  =  2.2  X  10"  BTU/hr-ff  (694  kW/m").  The  same  procedure  may  be  used  to 
compute  the  required  average  heat  flux  for  all  other  combinations  of  L  and  V. 

Of  interest,  also,  is  the  hot-spot  temperature  (Tmnx)  which  occurs  near  the 
trailing  edge  of  the  source.  This  value  is  obtained  by  noting  that  the  "30-second 
bar"  was  made  to  coincide  with  a  temperature  of  1500'" F  for  the  flame  hardening 
process  by  selection  of  the  appropriate  heat  flux  for  each  combination  of  L  and  V. 
Tmax  is  calculated  using 

Tn,..  =   1500  T   (maximum) ^^y 

T   (at  30-second  bar) 

For   instance,   for   the   sample   case 

T„,ax  =  1500       ^-^     =  1615°F  (880''C), 
2.47 

where  the  two  T  values  were  read  directly  from  Fig.  2. 

Finally,  it  is  of  interest  to  determine  the  total  amount  of  heat  required  to 
flame  harden  a  given  length  of  rail.  This  determines  the  amount  of  fuel  gas  needed 
and,  in  part,  the  cost  of  the  process.  The  total  amount  of  heat  transferred  from  the 
source  to  the  rail  surface  while  the  source  travels  a  distance  D  is 

Qt  =  q  L  b  D/V, 

where  b  is  the  width  of  the  head  of  the  rail,  and  q  is  calculated  for  each  case  using 
the  method  outlined  above.  The  heat  required  per  unit  area  of  track  surface  is 
therefore 

Q=-^  =  qL/V.  (10) 

These  same  methods  may  be  used  also  to  determine  q,  T,„:,x,  and  Q  for  stress 
relieving.  It  is  necessary  only  to  change  Ts  to  1000°F  (538°C)  and  -^t  to  3  minutes. 

RESULTS  AND  DISCUSSION 
The  average  heat  flux  required  for  flame  hardening  was  computed  for  each 
case  in  Table  1,  using  eq.  (8)  and  the  appropriate  T  vs  S  profile  for  each  case. 
Fig.  3  shows  the  resulting  values  of  q  plotted  as  a  function  of  source  lengtli  and 
source  speed.  Heat  transfer  measurements  made  by  Anderson  and  Stresino  [4]  and 
Fay  [5]  indicate  that  the  axerage  heat  fluxes  required  for  this  application  are  gen- 
erally obtainable  with  impinging  fuel  gas  ( acet>lene,  propane,  mcth\l  acet\Iene/ 
propadiene)  flames.  It  should  be  noted  that  the  heat  transfer  profile  l^eneath  a 
single  gas  jet  has  a  peak  on  the  jet's  axis  and  then  deca>s  rapidly  as  one  proceeds 
away  from  the  axis.  For  the  higher  average  heat  fluxes,  approaching  10"  BTU/hr-fb"' 
(3200  kW/m^),  the  flame  hardening  heads  must  be  carefully  designed  to  insure 
that  average  heat  fluxes  are  sufficientb-  high.  This  is  done  by  suitable  adjustment 
of  the  spacing  between  the  indixidual  jet  orifices,  and  between  the  jet  orifices  and 
the  rail. 
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Hot-spot  temperatures  were  computed  using  the  method  outlined  previously, 
and  Fig.  4  shows  the  variation  of  Tm.x  with  source  speed  and  source  length.  For 
a  given  source  lengtli,  the  hot-spot  temperatures  increases  rather  rapidly  as  the 
source  speed  does.  It  should  be  noted  that  for  each  "L  =  constant"  curve  in  Fig.  4, 
increasing  source  speed  implies  ( see  eq.  ( 8 ) )  increasing  heat  flux.  The  more 
intense  heat  transfer  produces  a  steeper  temperature  peak  beneath  the  source  and 
yields  correspondingly  higher  Tmax  at  large  V.  As  discussed  earlier,  we  are  con- 
strained to  use  only  configurations  which  do  not  permit  Tmar  to  exceed  1800'F 
(982°C)  for  flame  hardening.  For  example.  Fig.  4  shows  that  for  L  =  1.0  ft 
(0.30  m)  the  source  speed  must  be  kept  below  0.7  ft/min  (12.8  m/hr)  to  prevent 
the  hot-spot  temperature  from  exceeding  this  limit. 

In  the  same  fashion,  the  maximum  permissible  speed  (Vmai)  may  be  deter- 
mined for  each  other  value  of  L;  the  result  is  shown  in  Fig.  5.  The  maximum  speed 
is  directly  proportional  to  he  source  length  and  a  top  speed  of  approximately  27 
ft/min  (490  m/hr)  is  possible  with  a  40  ft  (12.2  m)  source.  This  is  more  than  20 
times  as  fast  as  the  flame  hardening  speeds  generally  used  on  small  workpieces.  It  is 
interesting  to  note  that  if  the  curve  of  Fig.  5  is  extrapolated  down  to  a  source  length 
of  several  inches,  the  resulting  Vmax  is  on  the  order  of  a  few  inches  per  minute — 
which  agrees  well  with  the  speeds  used  in  practice  with  flame  hardening  heads  of 
conventional  size. 

A  plot  of  the  flame  hardening  heat  flux  q  vs.  source  length  and  source  speed 
(Fig.  3)  was  presented  previously  in  this  paper.  For  high  source  speeds  q  may 
approach  10®  BTU/hr-ft"  (3200  kW/m")  which,  as  indicated  earlier,  is  a  rough 
upper  limit  on  the  heat  flux  which  one  may  hope  to  obtain  from  impinging  fuel  gas 
flames.  However,  if  V  is  limited  to  a  value  near  Vmax  (per  Fig.  5)  for  each  source 
length.  Fig.  3  indicates  that  q  will  be  somewhat  less  than  400,000  BTU/hr-ft' 
(1260  kw/m")  for  all  L.  This  value  is  well  within  the  heating  capability  of  such 
flames.  If  the  speed  used  is  substantially  less  than  Vmax,  there  will  be  a  correspond- 
ing  (and  proportional)   reduction  in  q. 

Finally,  the  amount  of  heat  (Q)  required  for  flame  hardening  per  unit  area  of 
track  surface  was  computed  (using  eq.  (10))  for  each  of  the  43  cases  considered. 
The  result  is  Fig.  6,  where  Q  is  shown  as  a  function  of  L  and  V.  From  inspection 
of  this  figure,  two  useful  conclusions  may  be  drawn.  First,  if  one  opts  to  use 
V  ^=  Vmax  for  each  value  of  L,  Q  is  constant  at  a  value  somewhat  less  than  10,000 
BTU/ft^  (32  kW-hr/ni"),  regardless  of  the  value  of  L.  Second,  if  one  uses  V  <  \"mai, 
the  amount  of  heat  required  to  process  a  fixed  amount  of  track  increases.  At  lower 
speeds  (at  constant  L)  a  larger  fraction  of  the  total  heat  input  is  conducted  along 
the  rail  away  from  the  region  being  hardened,  and  is  thereby  wasted. 

The  value  of  Q  which  the  flame  hardening  process  demands  (approx.  10,000 
BTU/ff  at  V  =:  Vmax)  may  be  used  to  estimate  the  amoimt  of  fuel  gas  needed  if 
its  heating  value  is  axailable.  For  example,  the  heat  required  to  harden  a  pair  of 
rails   1  mile  long  is 

Qx  =  Q   ■   A  =  (  10,000   -«j[y  )(iZ^JL^^^p8«JLJ   X  2  rails 

=  35.2  \  10"  BTU, 
where  the  width  of  the  rail  head  was  taken  to  be  4.0  in.  .\ccordiiig  to  Fa>-  [.5]  the 
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Fig.  5 — Maximum  Speed  vs.  Source  Length  for  Flame  Hardening 
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heat  content  of  MAPP    ( methylacetylene  propadiene)    gas  is  2380  BTU/ft*,  hence 
the  amount  of  gas  required  is: 
35.2  X  10"  BTU 
2380 


Vol.  =   — gYu =  l^'^O^  ft'  (419  ™'^  ^*  STP- 


ff 

The  \alue  of  Q  may  be  used  also  to  estimate  the  amount  of  quenchant  required. 
If  water  at  60'F  (with  a  sensible  heat  of  1120  BTU/lbm  (260.5  kj/kg)  is  used, 
the  amount  needed  for  a  pair  of  rails   1   mile  long  is 

This  is  of  course  a  minimum  estimate,  as  it  assumes  each  Ibm  of  water  remoNes  the 
maximum  possible  amount  of  heat  from  the  rail. 

The  requirement  for  stress  relieving  is  that  each  point  on  the  rail  surface  be 
heated  to  T  =  1000°F  (538°C)  for  3-minutes;  the  hot-spot  temperature  may  not 
exceed  1200° F  (649°C).  The  same  analytical  techniques  were  applied  to  this 
problem,  and  it  was  detenuined  that  (for  the  same  L  and  V)  the  average  heat 
flux  required  for  stress  relieving  is  about  20%  less  than  that  required  for  flame  hard- 
ening. Moreover,  top  speeds  for  flame  hardening  are  always  6-7  times  those  for 
stress  relieving,  owing  to  the  longer  "time  at  temperature"  required  for  the  latter 
process.  Finally  it  was  detenuined  that  the  stress  relieving  process  calls  for  Q  = 
15,000  BTU/ft^  (48  kW-hr/m")  of  rail  surface  assuming  the  heater  is  towed  at 
V  =  Vmai;  this  process  requires  50^  more  heat  for  a  given  amount  of  rail  than  does 
flame  hardening.  This  is  a  somewhat  surprising  result  in  light  of  the  fact  that  stress 
relieving  requires  considerably  lower  temperatures.  Again  this  may  be  explained 
by  noting  that  for  the  relatively  low  speeds  required  for  stress  relie\'ing,  there  is 
considerable  conduction  of  heat  away  from  the  region  being  stress  relieved. 

CONCLUSIONS 

From  the  preliminary  thermodynamic  analysis  carried  out  thus  far  it  ma\-  be 
concluded  that: 

( 1 )  A  constant  speed  mo\  ing  heat  source  shows  promise  as  a  means  of  heating 
rails  in  order  to  flame  harden  or  stress  reliexe  the  rails  in  the  field. 

(2)  It  is  advisable  to  use  as  long  a  heat  source  as  is  practical.  Long  heat 
sources  require  low  heat  fluxes  which  are  easil>-  obtained  with  impinging 
fuel  gas  flames.  Low  heat  fluxes  suppress  the  temperature  peak  near  the 
trailing  edge  so  that  higher  source  speeds  are  possible  witliout  overheating 
the  rail.  The  top  speed  permissible  for  a  heat  source  is  proportional  to 
its  length.  It  is  advisable  to  run  a  source  near  its  top  speed  because  it 
minimizes  the  loss  of  heat  by  conduction  away  from  area  being  processed, 
and  tlierefore,  the  total  amount  of  fuel  gas  needed  for  tlie  job.  Moreover, 
the  amount  of  time  required  for  a  gi\en  job  and  therefore  the  cost  of 
labor  (etc.)   is  minimized. 
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(3)  The  flame  hardening  appHcation  appears  more  attractixe  than  stress  reUev- 
ing.  The  longer  "time  at  temperature"  required  for  the  latter  process 
dictates  much  lower  source  speeds.  At  lower  source  speeds,  conduction 
heat  transfer  losses  are  high  and  process  efficiency  suffers.  The  amount  of 
heat  (and  therefore  the  amount  of  fuel)  needed  to  stress  relieve  a  mile 
of  rail  is  about  50^  greater  than  that  needed  to  flame  harden  a  mile, 
despite  the  fact  that  stress  relieving  temperatures  are  considerably  lower. 
It  requires  6-7  times  as  nnich  time  to  stress  relieve  a  given  amount  of  rail 
as  it  does  to  flame  harden  it.  The  costs  of  labor  (etc.)  and  tlie  down-time 
are   accordingly   considerably   higher   for  stress   relieving. 

(4)  The  top  speed  for  a  heat  source  is  limited  by  overheating  which  may 
occur  near  its  trailing  edge.  For  a  unifonu  heat  source,  the  top  speed 
(V,„„)  has  been  established  as  a  function  of  its  length.  The  author  sug- 
gests that  it  would  be  ad\antageous  to  "redesign"  the  heat  source  to 
pro\ide  heating  which  was  high  toward  the  leading  edge  and  decreased 
toward  die  trailing  edge.  This  would  produce  a  temperature  hill  which 
was  steep  near  the  leading  edge  but  essentially  flat  beneath  the  rest  of 
the  source.  The  overheating  would  be  suppressed  and  the  top  speed 
thereby  increased.  It  must  be  mentioned  that  increased  speeds  require 
larger  q.  The  problem  of  configuring  torch  systems  to  deliver  heat  at  the 
required  intensity  becomes  critical  when  considering  such  optimized 
heaters. 

NOMENCLATURE 

a  =:  depth  of  rail  head 

b  =  widtli  of  rail  head 

c  =  specific  heat  of  rail  material 

L  ^  length  of  moving  heat  source 

q  =  a\erage    heat   flux   from   source    to    rail 

Q  =   amount  of  heat  transferred  from  source  to  rail  per  unit  area  of  rail  surface 

S  ^   distance  measured  along  rail  relati\e  to  trailing  edge  of  source 

T„,„x  =  hot-spot  rail  temperature 

Ts  =  local  surface  temperature  of  rail 

T  t  =  ambient  temperature 

V  =z  source  speed 

V,„.ix  =  maximum  permissible  source  speed 

a  =^   thermal  diffusivity  of  rail  material 

P  r=   mass  density  of  rail  material 

A  =  dimensionlcss  rail  deptli 

L  =  dimensicmless  source  length 

S  =  dimensionlcss  distance  along  rail 

T  ^  dimensionlcss  rail  surface  temperature 
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TABLES 


Table   1   Summary  of  Test  Cases 

Source  Length 

Source  Velocities 

L   =:    1    ft 

V  =  0.25,  0.5,  1,  2,  3  fpm 

L   r=   2   ft 

V  =  0.25,  0.5,  1,  2,  3  fpm 

L  =  5  ft 

V  =  0.25,  0.5,   1,  2,  3,  5,  10  fpm 

L  =   10  ft 

V  =  0.25,  0.5,  1,  2,  3,  5,  10  fpm 

L  =  20  ft 

V  =  0.25,  0.5,  1,  2,  3,  5,  10,  15,  20  fpm 

L  =  40  ft 

V  =  0.25,  0.5,   1,  2,  3,  5,   10,   15,  20.  40  fpm 

Note:    1  ft  =  0.305  m,   1  fpm  =  18.3  m/hr 
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CuMNHNGS,  J.  K.  Gloster,  H.  E.  Richardson,  R.  H.  Savage,  G.  D.  Summers. 

TIE    RENEWALS   AND   COSTS 

Statistics  providing  infonnation  on  cross  tie  tie  renewals  and  costs  for  the  year 
1977,  as  compiled  by  the  Economics  and  Finance  Department,  Association  of 
American  Railroads,  are  presented  on  following  pages  in  Tables  A,  B,  C,  and  D. 

The  1977  statistics  on  new  tie  renewals  by  Class  I  U.S.  Railroads  compared 
A\ith  1976  are  as  follows: 

Total  New  Renewals 

Year  Tie  Renewals  Per  Mile 

1976  24,790,337"  86 

1977  25,363,218"  •  91 

By  geographical  districts,  the  Eastern  Roads  inserted  in  replacement  104  ties 
per  mile,  the  Southern  Roads  97  ties  per  mile  and  the  Western  Roads  81  ties  per 
mile.  Average  for  the  United  States  was  91  ties  per  mile. 

"Indicated"  wooden  tie  life  determined  by  dividing  the  total  number  of  ties 
in  track  (1967  figures)  by  the  number  of  new  ties  inserted  in  1977  is  as  follows: 
Eastern  Roads  29  years.  Southern  Roads  32  years,  Western  Roads,  37  years,  all  U.S. 
Class  I  Roads  33  years. 


"Includes    86,8.50    concrete    ties;    excludes    .574,116    secondhand    ties. 
*"  Includes    96,932    concrete    ties;    excludes    600,697    secondhand    ties. 
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Table  C 


OTHER  THAN  WOODEN  CROSS  TIES  LAID  IN  1977  AND  NUMBER  OF  OTHER  THAN  WOODEN 
CROSS  TIES  IN  MAINTAINED  TRACK  OCCUPIED  BY  CROSS  TIES  AS  OF  DECEMBER  31,  1977 


District  and  Road 


Other  than 

Other  than 

wooden  cross 

Number  of 

wooden  cross 

ties  laid  in 

other  than 

ties  laid  in 

additional 

wooden  cross 

replacement 

tracks,  new 

ties  in  main- 

lines and  ex- 

tained  track 

tens  i  ons 

occupied  bv 

Average 

Average 

cross  ties 

Number    Cost 

Number     Cost 

(12/31/77) 

EASTERN  DISTRICT: 
Baltimore  &  Ohio 
Chesapeake  &  Ohio 
Delaware  &  Hudson 
Detroit  &  Toledo  Shore  Line 
Norfolk  &  Western 
Western  Maryland 

Total  Eastern  District 

SOUTHERN  DISTRICT: 
Florida  East  Coast 
Lousiville  &  Nashville 
Seaboard  Coast  Line  a/ 
Southern  System 

Total  Southern  District 

WESTERN  DISTRICT: 


80 

94  7  60 
262 

95  022 


Atchison,  Topeka  &  Santa  Fe 

Burlington  Northern 

Duluth,  Missabe  &  Iron  Range 

Kansas  City  Southern  (incl  .  L&A)    1  830 

St.  Louis-San  Francisco 

Western  Pacific 


Total  Western  District 
Total  United  States 
al   Excludes  relay  crossties  of: 


Association  of  American  Railroads 
Economics  and  Finance  Department 
Washington,  D.C.   20036 


$17 .96 

17.96 

20.29 
22.42 

20.29 


78 
242 

320 


24.30   1  232 


1  830 

24.30 

1  232 

96  932 

20.36 

1  552 

35 

S6.82 

214 

?20.29 
15.69 

16.81 


24.68 
23.06 
S7.03 


June  23,  197f 


7  277 

244 

56  394 

80 

800 

1  500 

66  295 


567 

7  80 

3 

247 

302 

340 

60 

480 

933 

847 

3 

000 

303 

530 

265 

713 

64 

109 

625 

334 

280 

334 

422 
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Remarks  of 

Thomas  J.   Lamphier 

President,  Transportation  Division 

Burlington   Northern   Inc. 

Before  the 

American  Railway  Engineering  Association 

Regional  Technical  Conference 

Minneapolis,  Minn. 

October  12,   1978 

You'll  note  from  your  program  that  my  remarks  today  are  supposed  to  be  about 
Burlington  Northern — where  it's  been  and  where  it's  going. 

Instead,  I'd  like  to  revise  that  title  and  talk  about  engineers,  and  where  diey're 
going.  To  do  that,  let's  begin  witli  a  little  bit  of  history. 

A  little  over  90  years  ago,  Arthur  Mellon  Wellington  authored  what  later 
turned  out  to  be  the  definitive  treatise  on  the  economic  theory  of  railway  location. 

As  many  of  you  know,  Wellington  located  many  lines  of  railway,  both  in  this 
country  and  in  Mexico. 

In  introducing  his  book,  "The  Economic  Theory  of  the  Location  of  Railways," 
Wellington  makes  a  rather  cogent  observation  about  engineering  that  I  think  you 
would  agree  still  applies  today:   I  quote: 

"It  would  be  well  if  engineering  were  less  generally  thought  of,  and  even  de- 
fined, as  the  art  of  constructing.  In  a  certain  important  sense,  it  is  rather  die  art  of 
not  constructing;  or,  to  define  it  rudely,  but  not  inaptly,  it  is  the  art  of  doing  that 
well  with  one  dollar,  which  any  bungler  can  do  with  two  after  a  fashion." 

The  other  evening,  I  got  to  thinking  about  the  position  of  the  engineer  toda\, 
in  railroading  and  in  all  of  society.  And  I  came  to  the  conclusion  that  the  engineer 
is:  No.  1,  an  absolutely  invaluable  person,  but.  No.  2,  an  endangered  species. 

Wherever  we  turn  today,  the  engineer  is  needed,  and  if  you  doubt  that,  just 
run  your  eye  over  the  help-wanted  ads  in  the  Wall  Street  Journal  or  the  Sunday 
New  York  Times  or  Chicago  Tribune,  or  take  a  look  at  the  professional  and  trade 
publications. 

But,  wherever  we  turn  today,  too,  tlie  engineer  is  under  fire.  It's  not  because 
the  engineer  is  not  a  nice  person.  All  of  us,  of  course,  are  nice  persons. 

No,  the  engineer  isn't  under  fire  because  of  who  he  is  but  because  of  what  he 
does — and  because  a  vocal  minority  in  society  has  somehow  come  to  the  misguided 
conclusion  that  if  an  engineer  thinks  something  is  a  good  idea,  then  there  s  uot  to 
be  something  wrong  with  it. 

Most  of  us,  I  suspect,  would  agree  that  many  of  the  improvements  in  our 
industry  and  many  of  the  gains  our  society  has  made  have  come  through  technology — 
through  finding  ways  of  doing  more  things,  and  doing  them  better.  But  suddenly, 
we  find  technology  under  attack  and,  make  no  mistake,  the  attack  is  a  .serious  one. 

In  my  more  paranoid  moments,  I  think  about  the  little  snail-darter  or  tlie  black 
footed  ferret,  protected  by  endangered-species  legislation,  while  the  engineer,  the 
technocrat,  stands  out  there  unprotected,  naked,  and  alone. 

Am  I  exaggerating?  Maybe.  But  sometimes  I  also  look  at  the  almost-uncontrolled 
growth  of  en\ ironmental-protection  laws  and  regulations.  I  wonder  how  much  farther 
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we  can  go.  I  wonder,  in  my  more  whimsical  moments,  if  the  day  will  come  when 
I  feel  the  urge  to  sneeze,  but  can't  because  I  haven't  filed  an  environmental  impact 
statement  saying  that  my  sneeze  will  have  no  significant  detrimental  effect  upon  the 
environment. 

I'm   not  saying  that  engineers,   designers,  scientists  and  so  forth  do  no  wTong. 

We  all  know  that  each  and  every  year,  products  come  on  the  market  that 
shouldn't  be  there.  They  serve  no  useful  purpose,  or  they  won't  hold  up,  or  they're 
simply  not  safe.  And  there  should  be  ways  to  solve  these  problems,  especially  in  the 
area  of  safety,  even  though  I'm  a  firm  believer  in  the  ability  of  the  marketplace 
to  weed  out  the  losers. 

We  also  know  that  engineers  sometimes  get  carried  away;  designing,  promoting, 
and  building  projects  that  make  no  economic  sense.  Exhibit  A,  I  would  suggest,  may 
be  the  United  States  Army  Corps  of  Engineers,  which  sometimes  seems  to  want 
to  turn  every  meandering  creek  into  a  navigable  waterway.  There  should  perhaps  be 
controls  in  this  area,  too,  in  order  to  prevent  waste  and,  most  important,  to  prevent 
the  sandbagging  of  a  legitimate  enterprise  by  anotiier  enterprise  that  may  lack  the 
credentials  for  legitimacy.  That's  a  high-faluting  way  of  saying,  no,  I  don't  think 
coal-slurr>'  pipeline  promoters  should  get  the  right  of  eminent  domain,  just  as  I 
don't  think  the  corps  of  engineers  should  be  allowed  to  dig  and  dredge  and  build 
everywhere  they  want  to,  giving  waterways  carriers  a  free  ride  while  tliey  talk 
grandly  of  the  recreational  benefits  their  projects  will  bring. 

But,  let's  consider  legislation  and  regulation.  Let's  consider  plans  and  projects 
that  engineers  and  their  managements  know  are  legitimate.  Let's  consider  what  you 
can  do  when  you  honestly  believe  you're  right — and  yet  you're  under  fire. 

You  can  fight. 

We  at  Burlington  Northern,  I  think,  have  not  been  timid  in  speaking  our  mind 
when  regulation  has  seemed  to  us  to  be  just  too  much;  when  its  arm  seemed  too 
long  and  too  heavy  handed. 

We  did  battle  with  the  Interstate  Commerce  Commission  when  one  of  its  Ijureau- 
crats  thought  that  the  ICC  ought  to  have  access  to  our  internal  planning  documents 
and  forecasts.  We  have  gone  to  the  mat  witli  OSHA.  We  have  had  our  moments  with 
the  En\  ironmental  Protection  Agency  and  the  Sierra  Club  for  example  in  connection 
with  the  new  line  we  are  building  through  the  coal  fields  of  Wyoming.  However, 
the  EPA  and  the  Sierra  Club  do  have  some  points.  The  requirement  to  use  flatter 
slopes  on  our  new  line,  the  minimizing  of  grade  crossings  and  the  reseeding  of  cut 
slopes  and  fills  all  make  our  new  rail  line  more  aesthetically  pleasing  to  the  eye. 

What  I  am  saying  is  that  none  of  us  should  be  timid — that  tliere  is  no  reason 
for  any  of  us  to  be  timid — when  we  are  right. 

Our  plans  must  be  carefully  thought-out,  yes;  and  we  must  take  into  account 
an  array  of  new  responsibilities  that  go  beyond  the  old  ones,  the  old  and  traditional 
responsibilities  to  our  owners,  our  employees,  our  cu.stomers. 

But  when  we  are  convinced  that  what  we  are  doing  is  right,  then  we  are 
derelict,  we  are  cowardly — we  are  just  plain  not  very  smart — if  we  don't  fight  for 
what  we  believe  in. 

And  by  now,  maybe  some  of  you  are  figuring  that  I  forgot  something,  in  talking 
so  much  about  society  and  regulation  and  tlie  engineer  as  an  endangered  .species. 

Point  No.  1  in  my  description  of  the  engineer  was  that  the  engineer  is  an 
invaluable  person. 

In  the  next  fi\e,  10,  20  years,  up  to  the  year  2000  and  be\ond,  we,  tlie  rail- 
roads,  are   going   to   need  engineers  as  we  have  ne\er  needed  engineers  before,  or 
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at  least  since  the  building  of  the  railroad  in  the  19th  and  early-20th  centuries. 

Civil,  mechanical,  electrical,  you  name  the  engineering  discipline — we'll  need  it. 

What  do  we  need  from  you?  In  a  word:  Help. 

We  are  going  to  need  engineering  expertise  in  at  least  tiiree  major  areas: 

— Maintaining  what  we  have  and  replacing  it. 

— Building  new  lines. 
<» — Impro\ing  what  we  have,  in  terms  of  reducing  mileage,  grade  and  alinemeiit 
to  reduce  transportation  costs. 

Maintenance?  Last  year,  as  an  industry,  railroads  spent  well  o\er  $3.4  billion 
on  maintenance  of  way  and  structures.  That  was  an  all-time  high  expenditure,  and 
its  not  going  to  last  long  as  an  all-time  high.  Even  if  you  discount  inflation  and 
increasing  labor  costs,  we  cannot  afford  to  do  less  than  we  have  been  doing — not 
if  we  expect  to  be  able  to  handle  the  traffic  which  just  about  e\er>-  forecast  says 
we  re  going  to  be  called  upon  to  handle. 

Building  new  lines  and  facilities?  Well,  last  year,  as  an  industry,  railroads  spent 
more  than  $750  million  in  capital  expenditures  for  roadway  and  structures,  and, 
certainly,  a  lot  of  improvements  went  into  tliat  total,  which  was  also,  by  the  way, 
an  all-time  high,  topping  the  previous  high  by  more  than  $200  million.  New  con- 
struction did  make  up  a  part  of  the  $750-million-plus,  though.  And  new  construc- 
tion may  well  become  a  bigger  part  in  the  future.  We  have  our  line  into  the  Powder 
Ri\er  Basin.  Santa  Fe  is  proposing  to  build  a  coal  line  in  the  southwest.  And  there 
are  going  to  be  other  new  routes  surveyed,  other  new  lines  built,  especially  in  the 
west  and  especially  in  connection  with  coal.  Tomorrow,  some  of  you  will  see  our 
new  taconite  facility  at  Allouez,  Wisconsin,  built  to  replace  our  outmoded  ore  docks 
at  a  cost  of  $67  million  dollars. 

Improving  what  we  have?  This  is  a  subject  in  itself,  because  there's  not  a 
railroad  in  the  country  that  wouldn't  love  to  tackle  a  lot  of  relocations  to  reduce 
grades,  reduce  curvature,  cut  down  on  distance.  I  know  that  Bruce  Anderson,  our 
chief  engineer,  has  a  laundry  list  a  mile  long  of  line  changes  and  improvements  he 
would  like  to  make.  Our  professional  ancestors  did  a  good  job,  all  things  considered. 
But  we  can  do  a  better  job,  and  we're  going  to  do  it. 

We  must  reduce  the  unit  cost  of  providing  transportation  by  improvements  to 
our  grade  and  alinement.  The  string  of  exparte  rate  increases  we  have  received  in 
the  past  cannot  go  on  indefinitely.  Thus,  the  only  way  margins  can  be  protected 
is   by   reducing  costs. 

We  have  to  consider  a  number  of  things,  I  belie\e,  in  connection  with  tlie 
railroad's   ability  to  appeal  to  its  customers,  to  get  business,  and  to  hold  it. 

One  is  tliat,  while  customers  usually  talk  about  service-reliability  as  tlieir  No.  1 
need,  what  they  really  mean  is  reliability  with  speed,  with  short  transit-time.  Anotiier 
is  that,  while  a  railroad  has  to  have  the  motive  power  and  the  freight  cars  to  gi\e 
the  customer  what  he  needs,  no  railroad,  no  matter  what  its  power  or  car  situation, 
is  going  to  give  service  and  keep  customers  if  it  doesn't  ha\e  good  track.  Slow- 
orders  stack  up  trains,   delay  freight,  and  make  customers  \ery  unhappy. 

Our  railroad — and  we're  not  alone  by  any  means — is  trying  to  put  every  dollar 
available  into  the  mix,  beefing-up  our  locomotive  and  car  fleets,  and  at  the  same 
time  doing  all  we  can  to  put  the  plant  into  better  shape. 

We're  going  to  succeed,  or  go  down  with  all  guns  firing — and  I  know  we're 
going  to  succeed. 


76  Bulletin  669 — American  Railway  Engineering  Association 

I  know  we're  going  to  be  able  to  sa\'e  the  gunfire  for  those  who  are  trying  to 
snatch  away  our  traffic  on  their  own  terms,  without  regard  to  what's  good  for  the 
country,  let  alone  what's  good  for  any  of  vis. 

Yes,  I  think  engineers  are  endangered.  But  I  think,  more  than  that,  that 
engineers  are  invaluable. 

If  I  had  a  youngster  going  into  college  now,  I'd  suggest  that  he  look  into 
engineering.  I'd  suggest  that  when  he  got  out  of  school  he  look  into  a  railroad 
career. 

And  I  don't  think  my  suggestions  would  be  bad  advice.  Good  engineers  ar^as 
valuable  today  as  they  were  in  Wellington's  time,  only  more  so,  because  the  stakes 
are  higher. 

Heaven  knows  we  don't  need  more  "bunglers "  as  he  called  them,  whose 
abilities  to  spend  money  are  manifested  in  open-ended  contracts  with  multi-million 
dollar  cost  overruns,  usually  at  taxpayer  or  stockholder  expense. 

We  will  always  need  competent  engineers,  people  \\'ho  can  help  us  meet  the 
challenges  of  our  competition,  survive  all  kinds  of  government  constraints,  and  per- 
haps most  importantly,  continue  to  make  significant  technological  progress  at  a 
reasonable  cost  to  society. 
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Nationwidelnspection— Testing— Analysis 


HOWARD  J.  BELLOWS 

ESTIMATING   CONSULTANT 
FOR  TRACKWORK 

Railroads  &   Rapid  Transit  Syslamt 

725   DALRYMPLE   ROAD 

Apt.   2-E 

ATLANTA,   GA.   30328 

404-393-^390 


Engineers  Architects  Planners 

Booker  Associates,  Inc. 

1139  Olive  St. 
St.  Louis,  Mo.  63101 

343  Waller  Avenue 
Lexington,  Ky.  40504 

200  Warburton  Oaks  Dr. 
Washington,  D.C.  20022 
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HARRINGTON  &  CORTELYOU,  INC. 
Consulting  Engineers 


1004  Baltimore,  Kansas  City,  Mo.  64105 
Telephone:  816-421-8386 

RAILWAY  AND  HIGHWAY 

•  FIXED  AND  MOVABLE  BRIDGES  • 

•  Condition  Inspections 

•  Investigations  &  Reports 
•  Design,  Construction  Plans 

•  Contract  Documents 

•  Construction  Supervision 

•  Cost  Negotiations 


COLDER  ASSOCIATES 

Consulting    Geotechnical    Engineers 


Specialists   in 
Soil   Mechanics  —  Foundations 
Rock   Slope   &   Tunnel   Stability 
Construction   in   Soft  Ground 
Drainage  Design — Landslides 
Grade   Stability,   Subgrade   Stabilization 
Air   Photo    Interpretation 

10«28  N.E.  38th  Place,  Kirkland,  Seattle,  Wash. 

5125   Peathtree   Road,   Atlanta,   Georgia 
224  West  8th  Avenue,   Vancouver,   B.C.,   Conada 
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RAILROAD 
DESIGN  &  ELECTRIFICATION 

Planning     •     Design 
Construction  Management 


INTERNATIONAL  ENGINEERING 
COMPANY,  INC. 

220  MONTGOMERY  STREET 
SAN  FRANCISCO,  CALIFORNIA  94104 
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RALPH  Vt/HITEHEAD  &  ASSOCIATES 

Consulting  Engineers  •  Ctiariolle  Atlanta 


P.O.  Box  4301 

Charlotte,   N.C.   28204 

Telephone  704-372-1885 

BRIDGES   •    HIGHWAYS   •    RAILROADS 

•    RAIL  &  BUS  TRANSIT   • 

AIRPORTS   •    BUILDINGS 


BAKKE   KOPP   BALLOUt  McFARLIN.INC. 
CONSULTING  ENGINEERS 


Bridges 
Special  &  Heavy  Structures 
Investigations  &  Reports 


7505  WEST  HIGHWAY  SEVEN 

ST.  LOUIS  PARK,  MINNESOTA 55426 

(61 2)  93^6880 


WOLCHUK  and  MAYRBAURl 
CONSULTING  ENGINEERS 

RAILWAY  AND   HIGHWAY  BRIDGES 

SPECIAL  STRUCTURES 

DESIGN— INVESTIGATIONS— REPORTS 

432  PARK  AVE.  S.,  NEW  YORK,  NY  10016 
(212)    689-0220 


THOMAS  K.  DYER,  INC. 

Consulting  Engineers 

Railroads — Transit  Systems 
Track,  Signals,  Structures 

Invtstlgotlon*  and  Feaflbllity  Reports 
Planning,  Design,  Contract  Docinnents 

1762   Massachusetts  Avenue 
Lexington,   Mass.   02173 


BALLAST 
CLEANING 


Speno  ballast 
cleaning  is  an 
economical  way  to 
nrtaintain  good  track 
drainage.  The 
railroad  industry 
depends  on  Speno 
ballast  cleaning  to 
maintain  roadbeds 
and  provide  optimum 
drainage.  A 
continuing  program  of 
ballast  cleaning  is  the 
most  economical  way 
to  accomplish  these 
goals.  Speno  has 
nine  cleaning  trains  in 
its  Contract  Service 
Fleet. 


For  More 
Information 

Find  out  how  you  can  get  the  maximum  ton  miles  out 

of  your  track.  Request  a  copy  of  the  new 

Speno  Rail  Services  brochure. 

Speno  Rail  Services,  Inc. 

An  Affiliate  of  Trans  Union  Corporation 

Clark  Street,  Box  309 

East  Syracuse,  New  York  13057 

lEC-Holden,  Ltd.. 

8180  Cote  de  Liesse  Road. 

Montreal,  Canada.  H4T  1G8 
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Speno  Rail  Services,  Inc. 
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One  of  99  TRASCO  inert  car  retarders 
installed  in  the  ConRail  Rutherford  class  yard 
at  Harrisburg,  Pennsylvania. 


AFTER    14   YEARS   OF  TROUBLE    FREE 
OPERATION  TRASCO   AUTONOMIC   CAR 
RETARDERS  STILL  ON    DUTY    24    HOURS 
A  DAY 


Operating,  Signaling,  Maintenance  of  Way  ...  all 
agree  on  TRASCO  car  retarders  for  ail-weather 
dependability;  simplicity  of  design  and  operation; 
economy  of  installation  and  maintenance. 


TRACK  SPECIALTIES  COMPANY 

18  SO.  SYLVAN  ROAD,  P.  O.  BOX  729 
WESTPORT.   CONNECTICUT  06880       203-226-3361 


YEARS  OF  RAILROAD  SERVICE 
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Printed  in  the  United  States  of  America 


PART  1 
MANUAL  RECOMMENDATIONS 


All  the  recommendations  submitted  by  committees  for  adoption  and 
publication  in  the  1979  Supplement  to  the  AREA  Manual  for  Railway  Engi- 
neering and  the  1979  Supplement  to  the  AREA  Portfolio  of  Trackwork 
Plans  are  printed  in  this  issue  of  the  Bulletin.  These  recommendations  will 
be  formally  submitted  for  review  and  approval  to  the  Board  Committee  on 
Publications  and  the  AREA  Board  of  Direction.  Comments  or  objections  by 
Members  regarding  any  of  these  recommendations  should  be  submitted  to 
the  Executive  Director  not  later  than  MARCH   1,   1979. 


77 


Manual   Recommendations 
Committee   1 — Roadway  and  Ballast 

Report  on   Assignment  7 

Roadway  Signs 

D.    H.    Cook   (chairman,    subcommittee),    C.    W.    Deblin,    R.    D.    Hellweg,    S.    R. 
Petit,  W.  M.  Snow,  C.  H.  Stephenson,  F.  A.  Tijan,  Jh. 

Your  committee  recommends  for  adoption  and  publication  in  Part  7,  Chapter 
1  of  the  Manual,  the  following  material  to  replace  the  existing  material  on  Pages 
1-7-1  through  1-7-13. 

Part  7 
Roadway  Signs 

7.1  CLASSIFICATION 

7.1.1  LOCATION 

7.1.1.1  Mile  Post 

Provides   a   ready   method  of  location   of  any  physical  object  on   right  of  way. 

7.1.1.2  Political  Subdivision  Signs 

Show  where  railways  cross  national,  state,  county  and  municipal  boundary  lines. 

7.1.1.3  Standard  Right  of  Way  Sign   and   Monument  Marker 
Define  railways  rights  of  way  limits. 

7.1.1.4  No  Trespassing  Signs 

Define  locations  where  trespassing  is  especially  unsafe  and/or  undesirable. 

7.1.2  MAINTENANCE  OF  WAY 

7.1.2.1  Maintenance  Limit  Signs 

Define  limits  of  track  ownership  and  maintenance  between  railway  and  industry 
and  between  railways. 

7.1.2.2  Roadway  Structures  Signs 

Define   locations  of  bridges,  trestles,  timnels  and  cuKerts. 

7.1.2.3  Snowplow  Signs 

Define  locations  of  obstruction  to  snow  removal  equipment.  Flanger  signs  warn 
operators  to  lift  flanges.  Wing  markers  warn  operators  to  close  snowplow  wings.  If 
both  indications  are  required  at  the  same  location  they  should  be  on  one   ( 1 )  sign. 

7.1.2.4  Alinement  Signs  or  Markers 

Define  the  exact  locations  and  limits  of  easement  spirals  and  curves.  Superele\a- 
tion   should  be  shown  on   the  sign  or  marker  at  the  spiral  curve  point. 
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7.1.2.5  Elevation  Markers 

Define  top  of  rail  elevations  at  special  locations.  Also  define  top  of  rail  elevations 
above  which  tracks  under  grade  separations  cannot  be  raised. 

7.1.3  TRANSPORTATION 

7.1.3.1  Speed  Control  Signs — Temporary  and  Permanent 

Define  limits  of  slow  orders  and  locations  to  stop  trains. 

7.1.3.2  Whistle  Posts 

Define  advance  locations  of  highway  grade  crossings,  stations,  railway  grade 
crossings  and  other  special  locations  where  locomotive  whistles  are  required  to  be 
sounded. 

7.1.3.3  Location  Signs 

Define  advance  locations  of  railway  grade  crossings,  drawbridges,  tunnels,  junc- 
tions, frequent  rock  and  snow  slides,  and  stations.  Also  used  to  define  yard  limits, 
switching  limits,  signal  territor\'  limits,  station  and  derail  locations  and  track 
capacities. 

7.1.4  SAFETY 

7.1.4.1  Restricted  Clearance  Signs 

Identify  locations  of  restricted  horizontal  and  vertical  clearances  or  botli,  at 
clear  points   of  turnouts,   buildings,  platforms  or  other  structures. 

7.1.4.2  Fire  Hazard  Signs 

Warn  everyone  concerned  of  flammable  materials  storage  and  subgrade  carriers. 
These  signs  must  meet  latest  Code  Federal  Regulation  Title  29,  Part  1910. 

7.1.4.3  Electrical  Hazard  Signs 

Warn  everyone  concerned  of  the  presence  of  oxerhead  and  subgrade  high 
voltage  carriers.  These  signs  must  meet  latest  Code  Federal  Rgulation  Title  29, 
Part  1910. 

7.1.4.4  Highway  Grade  Crossing  Signs 

Warn   all  vehicular   traffic   of   the  presence  of  a  railway  grade  crossing. 

7.1.4.5  Barricade  Signs 

Used  to  warn  all  vehicular  traffic  of  a  railway  grade  crossing  under  construction 
or  repairs. 

7.1.4.6  Highway  and  Barricade  Signs 

Must  meet  latest  Federal  Highway  Administration  and  applicable  State  Depart- 
ment  of  Transportation   Specifications. 

7.1.4.7  Power  Operated  Switch  Signs 

Used  to  warn  pedestrian  traffic  of  the  presence  of  a  power  operated  s\%itch.  This 
sign  is  especially  desirable  where  non-railroad  pedestrian  traffic  will  pass  close  to  a 
power  operated  switch. 

7.2  DESIGN 
7.2.1   Shapes 

Definite  sign   shapes  allow  rapid  identification. 
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7.2.2  Dimensions 

Dimensions  of  various  groups  of  signs  may  diilcr  within  liuiits  determined  by  the 
legend. 

7.2.3  Background 

The  sign  background  in  sharpest  contrast  with  tlie  lettering  is  best.  Black  letters 
on  "white"  or  "\ellow"  background  show  well,  ho\\e\er,  the  background  ma\-  be 
varied  to  confonn  with  local  conditions.  Backgrounds  on  speed  control  signs  should 
conform  in  color  to  indications  used  on  the  particular  railway. 

7.2.4  Legends 

Legends  on  signs  should  be  short,  consisting  of  characters  that  are  large,  plain 
and  widely  spaced  for  legibility  at  the  maximum  required  distance.  Wording  on 
signs  should  be  minimized.  Proper  spacing  of  characters  should  be  determined  by 
field  tests.  Bold  stroked  letters  are  preferable.  The  same  characteristics  are  valid 
for  day  and  night  operations. 

7.2.5  Placement 

Terrain  background  behind  signs  merits  consideration.  To  be  effective  signs 
must  be  prominently  displayed.  Signs  should  be  placed  to  clear  all  maintenance  of 
way  equipment. 

7.3  MATERIALS 

7.3.1  Wood 

Untreated  wood  is  not  economical  for  sign  or  post  material.  Preser\ative 
treated  wood  has  a  long  service  life  compared  to  first  cost.  Treated  wood  is  recom- 
mended for  posts  only.   Wood  posts  are  usually  tamped  solid  in  ground. 

7.3.2  Concrete 

Concrete  is  recommended  as  a  metal  sign  post  base.  Waterproofed  reinforced 
concrete  is  a  satisfactory  post  material. 

7.3.3  Reflectorized  Materials 

Black  letters  on  "white"  or  "yellow"  reflectorized  background  on  either 
aluminum  plate  or  extruded  aluminum  make  an  excellent  sign.  Fiberglass  signs  with 
moulded   letters  also  make  a  serviceable  sign. 

7.3.4  Metals 

Steel  channels  and  rods  with  sharpened  ends  make  serxiceable  posts.  The  metal 
sign  posts  are  especially  useful  for  temporary  signs. 

7.4  TELLTALES 

Freight  cars  are  now  being  constructed  without  roof  walkways.  Since  tills 
change  in  freight  car  constniction,  train  crew  members  have  no  business  being  on 
the  top  of  any  freight  car  in  performance  of  their  duties.  The  practical  value  of  tlie 
telltales  section  in  Part  7  is,  at  best  marginal,  therefore  this  section  is  deleted. 
Certain  state  regulatory  couimissions  and/or  agencies  may  still  require  the  use  of 
telltales.  The  deletion  of  the  telltales  section  is  not  to  be  construed  as  an  excuse  for 
any  railway  to  discontinue  using  and  maintaining  these  devices  as  retiuired  l)\  the 
applicable  state  regulatory  comnn'ssion  and/or  agency. 
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Manual  Recommendations 
Committee  4 — Rail 

Report   on   Assignment  2 

H.  F.  LoNGHELT  (chairman,  subcommittee),  B.  G.  Anderson,  R.  M.  Brown,  R.  F. 
Bush,  R.  E.  Catlett,  W.  J.  Cruse,  B.  R.  Forcier,  E.  T.  Frazen,  G.  H.  Geiger, 
R.  E.  Haacke,  V.  E.  Hall.  T.  B.  Hutcheson,  K.  H.  Kajstnowski,  R.  R. 
Lawton,  W.  S.  Lovelace,  T.  C.  Mackenzie,  A.  B.  Merrttt,  Jr.,  I.  A. 
Reiner,  H.  L.  Rose,  C.  N.  Scott,  W.  A.  Smith,  R.  K.  Steele,  D.  H.  Stont;, 
y.  R.  Terrill,  E.  H.  Waring,  M.  J.  Wisnowski. 

SPECIFICATIONS  FOR  STEEL  RAILS 

1.  Scope 

1.1  These  specifications  cover  steel  tee  rails  for  use  in   raiKva>    track. 

1.2  Supplementary  requirements  SI  through  S4  shall  apply  only  when  specified 
by  the  purchaser. 

2.  Manufacture 

2.1  The   steel  shall  be  made  by  any  of  the  following  processes:   open  hearth, 
basic  o.xygen,  or  electric  furnace. 

2.2  The  steel  shall  be  cast  by  a  continuous  process,  in  hot  topped  ingots,  or  b> 
other  methods  agreed  by  purchaser  and   manufacturer. 

2.3  Sufficient  discard  shall  be  taken  from  the  bloom  or  ingot  to  insure  freedom 
from  injurious  segregation  and  pipe. 

3.  Chemical  Composition 

3.1  The   chemical   composition   of   the   standard   rail   steel,   determined   as   pre- 
scribed in  3.3  shall  be  within  the  following  limits: 

Weight  Percent 

Nominal  Weight  lb/yd 

90  to  120  121   and  over 


Carbon 

0.67-0.80 

0.70-0.82 

Manganese 

0.70-1.00 

0.75-1.05 

Phosphorus,   Ma.x. 

0.035 

0.035 

Sulfur,    Ma.x. 

0.040 

0.040 

Silicon 

0.10-0.35 

0.10-0.35 

3.2  The   chemical  composition   of  alloy  high  strength   rail   will  be   subject   to 

the  agreement  of  the  purchaser  and  manufacturer. 

3.3  Separate  analysis  shall  be  made  from  ladle  samples  representing  one  of 
the  first  three  and  one  of  the  last  three  ingots  or  blooms  from  each  heat.  Deter- 
minatioas  may  be  made  chemically  or  spectrographically.  OnI>-  the  portion  of  the 
heat  which  meets  the  conditions  of  3.1  may  be  applied. 

3.4  Upon  refjuest  by  the  purchaser,  samples  shall  be  furnished  to  \erif\  the 
analysis  as  detennined  in  3.3. 
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3.5  The   first   analysis   shall   be   recorded   as   the   official   heat   analysis,   but   the 
purchaser  shall  have  access  to  all  ladle  analyses. 

4.  Hardness  Properties 

4.1   Rails  shall  be  produced  as  specified  by  the  purchaser  as  one  of  two  levels 
within  the  following  limits: 


Standard  Rail       High  Stretigth  Rail 


Brinell  Hardness  248  minimum  321-388 

4.2  A  Brinell  hardness  test  shall  be  performed  on  a  rail  or  a  piece  of  rail  at 
least  6  inches  long  cut  from  a  rail  of  each  heat  of  steel. 

4.2.1  The  test  shall  be  made  on  the  side  or  top  of  the  rail  head,  after  de- 
carburized  material  has  been  removed,  to  permit  an  accurate  detemiination  of 
hardness. 

4.2.2  The  test  shall  odierwise  be  conducted  in  accordance  with  the  American 
Society  for  Testing  and  Materials  (ASTM)  Standard  Metliod  of  Test  for  Brinell 
Hardness  of  Metallic  Materials  ElO  latest  version. 

4.3  If  for  heat  treated  rails  a  test  fails  to  meet  the  requirements  of  4.1,  the 
rails  may  be  retreated,  at  the  option  of  the  manufacturer,  and  such  rails  may  be 
retested  in  accordance  with  4.2. 

5.  Section 

5.1  The  section  of  the  rails  shall  conform  to  the  design  specified  by  the  pur- 
chaser  subject  to   the  following   tolerances   on   dimensions: 


Inches  (Thousandtlu) 
Plus  Minus 


5.1.1  height  of  rail   (measured  1  ft  from  each  end)      .030  .015 

5.1.2  width   of   the   rail   head    (measured    1    ft  from 
each  end) 

5.1.3  thickness  of  web 

5.1.4  width  of  either  flange 

5.1.5  width  of  base 

5.1.6  \o  variation  will   be  allowed  in  dimensions  affecting  the  fit  of  the  joint 
bars,  e.\cept  that  the  fishing  templet  may  stand  out  not  to  exctt'd   1/16  in.  laterally. 


.040 

.040 

.040 

.020 

.040 

.040 

.050 

.050 

6.  Branding  and  Stamping 

6.1  Branding  shall  be  rolled  in  raised  characters  on  tlu'  side  of  the  web  of 
each  rail  a  minimum  of  every  16  ft  in  accordance  with  the  following  re<iuirements: 

6.1.1  The  (lata  and  order  of  arrangement  of  the  branding  shall  be  as  shown 
in  tht;  following  typical  brand,  the  design  of  letters  and  luimerals  to  be  optional 
with  the  manufacturer. 
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RE                   CC 

Manufacturer          1977 

m 

(Weight) 

(Section)        (Method  of 

(Mill  Brand)          (Year 

( Month 

Hydrogen 

Rolled) 

Rolled) 

Elimination, 

if  indicated 

in  Brand) 

6.2  The  heat  number,  rail  letter,  ingot  number,  and  method  of  Hydrogen  Elimi- 
nation shall  be  hot  stamped  into  the  web  of  each  rail  a  minimum  of  every  16  ft  on 
the  side  opposite  the  brand. 

6.2.1  The  data  and  arrangement  shall  be  as  shown  in  the  following  typical 
stamping.  The  height  of  the  letters  and  numerals  shall  be  %  inch. 

287165  ABCDEFCH  12  BC 

(Heat  Number)  (Rail  Letter)  (Ingot  Number)  (Method  of 

Hydrogen 
Ehmination, 
if  indicated 
in  stamping) 

6.2.2  The  top  rail  from  each  ingot  shall  normally  be  hot  stamped  "A"  and 
succeeding  ones  "B",  "C",  "D",  "E",  etc.,  consecutively. 

6.2.3  Ingots   shall  be   numbered  in   tlie  order  cast. 

6.2.4  Alternatively,  each  rail  shall  be  identified  by  hot  stamping  using  a 
numerical  and/or  alphabetical  system  or  coding.  The  system  emplo\ed  shall  be  such 
as  to  enable  the  hot  stamp  marking  to  be  collated  with: 

— the  position  of  the  rail  relative  to  the  top  of  the  ingot  or  bloom  or  continu- 
ously cast  strand 

— any  other  identification  of  the  position  of  the  rail  within  the  cast,  as  agreed 

between  the  purchaser  and  manufacturer. 

7.  Hydrogen  Elimination 

7.1  The  rail  shall  be  free  from  shatter  cracks. 

7.2  The  above  shall  be  accomplished  by  at  least  one  of  tlie  following  processes: 
Control  Cooling  of  Rails   ( CC )    (  See  Appendix   1 ) 

Control  Cooling  of  Blooms   ( BC ) 

Vacuum  Treated  (VT) 

Such  other  processes  as  will  meet  the  conditions  of  7.1    (OP) 

7.3  The  mill  brand  or  stamp  shall  identify  the  process  used  b\-  the  initials 
in  parenthesis  shown  in  Section  7.2. 

8.  Resistance  to  Impact 

8.1  Rail  produced  by  a  continuous  casting  process  is  not  subject  to  this 
requirement. 

8.2  Resistance  to  impact  shall  be  determined  on  a  machine  which  conforms 
to  the  requirements  of  the  AREA  "Specifications  for  a  Drop  Test  Machine." 

8.3  Test  Specimens. 

8.3.1  Drop  tests  shall  be  made  on  test  specimens  of  rail  not  less  than  4  ft  ;uid 
not  more  than  6  ft  in  length. 
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8.3.2  The  test  specimens  shall  be  cut  from  the  top  of  the  top  rail  from  one  of 
tlie  first  three,  one  of  the  middle  three  and  one  of  the  last  three  injjots  of  each  heat. 

8.3.3  Temperature  of  the  test  specimens  shall  not  exceed   lOOT. 
8.4  Test  Procedure. 

8.4.1  The  distance  between  support  shall  be  3  ft  for  sections  under  106  lbs. 
For  sections  106  to  140  lbs.  it  shall  be  4  ft.  For  sections  over  140  lbs.  it  shall  be 
4  ft,  8  in. 

8.4.2  The  test  specimens  shall  be  placed  head  upwards  on  the  supports  and 
subjected  to  one  blow  from  the  tup  falling  free  from  the  following  heights  for  rails 
of  the  nominal  weights  indicated: 


Weight  per  Yard  Feet 

Pound 


90-100 

19 

101-120 

20 

121  and  over 

22 

8.5  Test  Requirements. 

8.5.1  If  all  three  specimens  withstand  the  above  drop  test  without  breaking 
between  the  supports,  all  of  the  rails  of  the  heat  will  be  accepted  subject  to  final 
inspection  for  surface,  section  and  finish. 

8.5.2  If  any  specimen  breaks  in  a  location  other  tlian  between  the  supports, 
the  test  shall  be  disregarded  and  a  retest  shall  be  taken  from  the  top  of  the  rail 
involved. 

8.5.3  If  one  of  the  three  specimens  fails,  subject  to  the  requirements  of  8.4.2, 
all  of  the  top  rails  of  the  heat  shall  be  rejected. 

8.5.4  Specimens  shall  then  be  cut  from  the  bottom  end  of  die  same  top  rails 
or  the  top  end  of  the  "B"  rails  of  the  same  ingots  and  tested  subject  to  8.4.2.  If 
any  of  these  specimens  fail,  the  "B"  rails  of  the  heat  shall  be  rejected. 

8.5.5  Three  additional  specimens  shall  then  be  taken  from  the  bottom  end 
and  tested  subject  to  8.4.2.  If  none  of  these  specimens  fail,  the  balance  of  the  heat 
shall  be  accepted  subject  to  final  inspection  for  surface,  section  and  finish.  If  any 
of  these  specimens  fail,  the  entire  heat  shall  be  rejected. 

9.  Interior  Condition 

9.1  A  test  piece  representing  the  top  end  of  the  top  rail  of  each  ingot  of  each 
heat  rolled,  which  has  passed  the  drop  test  requirement  of  Section  8,  shall  be  nicked 
and  broken.  If  tlie  fracture  on  any  test  specimen  exhibits  seams,  laminations,  cavities, 
evidence  of  injurious  segregation,  or  interposed  foreign  matter,  die  heat  number 
and  ingot  number  shall  be  recorded  and  the  top  end  and  bolt  holes  of  the  finished 
rail,  so  recorded,  shall  be  closely  exanuned  for  those  defects.  If  the  finished  rail  is 
clear  of  the  above  defects  when  presented  for  inspection,  it  shall  be  accepted  as  a 
No.  1  or  No.  2  rail,  subject  to  the  refinirenients  of  10.  If  the  finished  rail  shows 
defects,  it  shall  be  broken  or  cut  back  to  sound  metal  and  accepted  as  a  short  rail. 
subject  to  tlie  requirements  of  10  and   11. 

9.2  Short  rails  produced  under  this  procedure  shall  be  excluded  from  consid- 
eration in  the  limitation  of   11.2. 
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9.3  9.1  and  9.2  may  be  waived  if  the  purchaser  reque.sts  the  application  of 
Supplementary  Requirement  S.2. 

10.  Surface  Classification 

10.1  Rails  free  from  surface  imperfections  and  flaws  of  all  kinds  shall  be  classi- 
fied No.  1  rails. 

10.2  Rails  which  contain  surface  imperfections  in  such  number  or  of  such 
character  as  will  not,  in  the  judgment  of  the  purchaser's  inspector,  render  them 
tmfit  for  recognized  uses  shall  be  accepted  as  No.  2  rails. 

10.3  No.  2  rails  to  the  extent  of  5  percent  of  the  total  tonnage  shall  be  accepted 
from   each  individual  order  will  be  accepted. 

11.  Length 

11.1  The  standard  length  of  rails  shall  be  39  ft  when  corrected  to  a  tempera- 
ture of  60° F. 

11.2  Up  to  9  percent  of  tlie  total  tonnage  accepted  from  each  individual  order 
will  be  accepted  in  shorter  lengths  varying  by  1  ft  from  1  ft  shorter  than  the 
ordered  length  to  25  ft. 

11.3  A  variation  of  7/16  in.   from  the  specified  length  will  be  pennitted. 

11.4  Standard  length  variations  other  than  those  set  forth  in  11.2  and  11.3  may 
be  established  by  agreement  between  the  purchaser  and  manufacturer  in  accordance 
with  Supplementary  Requirement  S4. 

12.  Drilling 

12.1  The  purchaser's  order  shall  specify  the  amount  of  right-hand-drilled 
and  left-hand-drilled  rails,  drilled-both-end  rails  and  undrilled  (blank)  rails  desired. 
The  right-hand  or  left-hand  end  of  the  rail  is  determined  by  facing  the  side  of  the 
rail  on  which  die  brand   ( raised  characters )  appears. 

12.1.1  When  right-hand  and  left-hand  drilling  is  specified,  at  least  the  minimum 
quantity  of  each  indicated  by  the  purchaser  will  be  supplied. 

12.1.2  Disposition  of  short-rails  which  accrue  from  left-hand-drilled,  right- 
himd-drilled,  and  undrilled  (blank)  rail  production,  and  which  are  acceptable  in 
accordance  with  11.2  shall  be  established  by  agreement  between  the  purchaser  and 
the  manufacturer. 

12.2  Circular  holes  for  joint  bolts  shall  be  drilled  to  conform  to  the  drawings 
and  dimensions  furnished  by  the  purchaser. 

12.2.1  A  variation  of  nothing  under  and  1/16  in.  over  in  the  size  of  the  bolt 
holes   will   be  permitted. 

12.2.2  A  variation  of   1/32   in.   in   the  location  of  the  holes  will  be  permitted. 

12.3  Fins  and  burrs  at  the  edges  of  bolt  holes  shall  be  eliminated.  The  drilling 
process  .shall  be  controlled  so  as  not  to  mechanically  or  metallurgically  diunage  the 
rail. 

13.  Workmanship 

13.1  Rails  shall  lx»  straightened  cold  in  a  press  or  roller  machine  to  remove 
twists,  waves  and  kinks  until  they  mt^et  the  surface  and  line  requirements  specified, 
as  detennined  by  visual  inspection. 

13.2  When  placed  head  up  on  a  horizontal  support,  rails  that  ha\e  ends  higher 
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than   the   middle   will   be   accepted,   if   they   have   a   uniform   surface   upsweep,   the 
maximum  ordinate  of  which  does  not  exceed  %  in.  in  39  ft  is  illustrated  in  Fig.   1. 


TOLERANCES  FOR  INSPECTION  OF  RAIL 


39^0- 


MAX. 


SIDE  ELEVATION   OF  RAIL 
UNIFORM   UPSWEEP  TOLERANCE  PER   SECTION    7  3.2 


13.3  The  uniform  surface  upsweep  at  the  rail  ends  shall  not  exceed  a  niaxiinuni 
ordinate  of  0.025  in.  in  3  ft  and  the  0.025  in.  maximum  ordinate  shall  not  occur 
at  a  point  closer  than  18  in.  from  the  rail  end  as  illustrated  in  Fig.  2. 


t 


"\max. 


SIDE  ELEVATION  OF  RAIL 
UNIFORM  UPSWEEP  TOLERANCE  AT  RAIL  ENDS  PER  SECTION   13.3 


13.4  Surface   downsweep   and   droop  shall   not  be   acceptable. 

13.5  Deviations  of  the  lateral  ( horizontal )  line  in  either  direction  at  the  rail 
ends  shall  not  exceed  a  maximum  mid-ordinate  of  0.030  in.  in  3  ft  using  a  straight 
edge  and  of  0.023  at  the  end  quarter-point  as  illustrated  in  Fig.  3. 

13.6  When  required,  proof  of  compliance  with  13.2  shall  be  detennined  by- 
string  (wire)  lining,  and  a  straightedge  and  taper  gauge  shall  be  used  to  ditennine 
rail   end   surface   and   line   characteristics   specified   in    13.3,    13.4,  and    13.5. 
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0.023  MAX. 


TOP  VIEW  OF  RAIL 

LATERAL   (HORIZONTAL)   LINE  TOLERANCE 

AT  RAIL  ENDS   PER   SECTION    13.5 


13.7  Rails  shall  be  hot  sawed,  cold  sawed,  milled,  abrasive  wheel  cut,  or  ground 
to  length,  as  specified  by  purchaser,  on  purchase  order,  with  a  variation  in  end 
squareness  of  not  more  than  1/32  in.  allowed  (3/64  for  140  and  over).  The 
method  of  end  finishing  rails  shall  be  such  that  the  rail  end  shall  not  be  metal- 
lurgically  or  mechanically   damaged. 

13.8  Stamping  shall  be  performed  in  such  a  manner  that  will  a\oid  stamping  to 
a  nominal  depth  of  less  than  nominal  1/16  in. 

14.  Acceptance 

14.1  To  be  accepted,  the  rails  offered  must  fulfill  all  the  requirements  of  these 
specifications. 

14.2  Only  A-rails  produced  on  the  purchaser's  order  will  l>e  accepted. 

15.  Markings 

15.1  High-strength  rails  shall  be  marked  by  either  a  metal  plate  pennanentK 
attached  to  the  neutral  axis,  hot  stamped,  or  in  the  brand  which  gives  die  manu- 
facturer, type  and/or  method  of  treatment.  Heat  treated  shall  be  paint-marked 
orange  and  alloy   rail  shall   be  paint-marked   aluminum. 

15.2  No.  2  rails  shall  be  paint-marked  white. 

15.3  "A"  rails  shall  be  paint-marked  yellow. 

15.4  No.    1   rails  less   than  39  ft  long  shall  Ix'  paint-marked  green. 

15.5  Individual  rails  shall  be  paint-marked  only  one  color,  according  to  tiie 
order  listed  above. 

15.6  Paint  markings  will  appear  on  the  top  of  the  head  at  one  end  onK,  at 
least  3  ft.  from   the  end. 

16.  Loading 

16.1  Rails  shall  be  handled  caiefully  to  a\oid  damage  and  shall  be  loaded  in 
separate  cars,  with  the  branding  on  all  rails  facing  the  same  direction,  according 
to  the  marking,  except  when  the  number  of  rails  in  a  shipment  is  insufficient  to 
permit  separate  loading. 
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SUPPLEMENTARY  REQUIREMENTS 

The  following  supplementary  requirements  shall  apply  only  when  specified  by 
the  purchaser  in  the  inquiry,  order  and  contract. 

SI.  End  Hardening 

Sl.l  The  drilled  ends  may  be  specified  to  be  end  hardened.  When  so  specified, 
end  hardening  and  chamfering  shall  be  in  accordance  with   SI.  1.1   through  SI.  1.7. 

51.1.1  End-hardened  rails  may  be  hot  stamped  with  letters  CH  in  the  web  of 
the  rail  ahead  of  the  heat  number. 

51. 1.2  Water  shall  not  be  used  as  a  quenching  medium  except  in  oil-water 
or  polymer-water  emulsion  process  approved  by  the  purchaser. 

SI.  1.3  Longitudinal  and  transverse  sections  showing  the  typical  distribution 
of  the  hardness  pattern  produced  by  any  proposed  process  shall,  upon  request  of 
purchaser,  be  submitted  to  the  purchaser  for  appro\al  before  production  on  tlie 
contract  is  started. 

SI.  1.4  The  heat-affected  zone  defined  as  the  region  in  which  the  hardness  is 
above  that  of  the  parent  metal  shall  cover  the  full  width  of  the  rail  head  and  extend 
longitudinally  a  minimum  of  VA  in.  from  the  end  of  the  rail.  The  effecti\e  hardness 
zone  }i.  in.  from  die  end  of  the  rail  shall  be  at  least  %  in.  deep. 

51. 1.5  The  hardness  measured  at  a  spot  on  the  centerline  of  the  head  )4  in. 
to  )»  in.  from  die  end  of  the  rail  shall  show  a  Brinell  hardness  number  range  of  341 
to  401  when  decarburized  surface  has  been  removed.  A  report  of  hardness  deter- 
mination representing  the  product  shall  be  given  to  the  purchaser  or  his  repre- 
sentative. 

51. 1.6  The  manufacturer  reserves  the  right  to  retreat  any  rails  which  fail  to 
meet  the  required  Brinell  hardness   number  range. 

SI.  1.7  Chamfering  rail  ends  shall  be  done  in  such  a  manner  as  will  a\oid 
formation  of  grinding  cracks. 

52.  Ultrasonic  Testing 

S2.1  The  rail  may  be  specified  to  be  ultrasonically  tested  for  internal  imperfec- 
tions  and   pipe   by   the   purchaser  or  manufacturer. 

53.  Calibration  and  Operation  of  Instruments 

a.  The  instrument  shall  be  standard  ultrasonic  testing  equipment  acceptable  to 
purchaser. 

b.  Transducer  or  sensor  shall  be  standard  dual  transducer  of  5  MHz  acceptable 
to  purchaser. 

c.  Test  block  shall  be  of  purchasc-r's  choice  with  the  following  characteristics: 
Material  4340  AISI  Steel/Nickel  Plate,  manufactured  in  accordance  with  ASTM  E 
127-64.  Dimension  of  test  block  and  flat  bottom  hole  shall  also  be  of  purchaser's 
choice. 

d.  Calibration   of  instrument  shall  be  performed  every  30  minutes. 

e.  When  search  unit  is  properly  coupled  to  test  block  or  web  of  rail,  a  back 
reflection  should  appear  at  full  maxinnim  height  on  the  Cathode  Ray  Tube 
"Graticule." 
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f.  Couplant  shall  be  distributed  over  the  area  to  be  examined  and  search  unit 
moved  over  the  entire  area  in  vertical  or  horizontal  sweeps.  Any  indication  abo\e 
the  initial  trace  line  bet^veen  the  initial  impulse  and  the  back  reflection  will  be 
regarded  as  a  flaw,   inclusion  or  void  and  shall  be  reason  for  rejection. 

S4,  Standard  Length  Variations 

54.1  Rails  may  be  furnished  in  miscellaneous  lengths  between  the  1  ft  incre- 
ments established  in  11.2.  Rails  may  be  applied  in  the  ma.ximum  length  at  which 
ends  can  be  properly  prepared. 

54.2  Under  the  arrangement  of  S4.1  the  provisions  of  11.3  shall  be  waived  for 
other  than  the  39  ft  length.  Lengths  38  ft  and  under  shall  be  considered  as  shorts 
and   subject   to   the   specified   limitations. 

APPENDIX  1 

Inasmuch  as  die  controlled  cooling  of  rails  has  proved  a  successful  method  for 
the  elimination  of  hydrogen,  the  following  procedure  is  presented  as  one  which 
will  meet  the  requirements  of  Section  7.1. 

1.  All  rails  shall  be  cooled  on  the  hot  beds  or  runways  until  the  temperature 
is  between  1000  and  725  deg  F  and  then  charged  immediately  into  the  containers. 

2.  The  temperature  of  the  rails  before  charging  shall  be  determined  at  the  head 
of  the  rail  at  least   12  in.  from  the  end. 

3.  The  cover  shall  be  placed  on  the  container  immediately  after  completion 
of  the  charge  and  shall  remain  in  place  for  at  least  10  hours.  After  remoxal  or  raising 
of  the  lid  of  the  container,  no  rail  shall  be  removed  until  the  temperature  of  the  top 
layer  of  rails  has  fallen  to  300  deg  F  or  lower. 

4.  The  temperature  of  an  outside  rail  or  between  an  outside  rail  and  the 
adjacent  rail  in  die  bottom  tier  of  the  container,  at  a  location  not  less  than  12 
in.  nor  more  than  36  in.  from  the  rail  end,  shall  be  recorded.  This  temperature 
shall  be  the  control  for  judging  rate  of  cooling. 

5.  The  container  shall  be  so  protected  and  insulated  that  the  control  tempera- 
ture shall  not  drop  below  300  deg  F  in  7  hours  for  rails  100  lb  per  yd  in  weight 
or  heavier,  from  the  time  that  the  bottom  tier  is  placed  in  the  container,  and  5 
hours  for  rails  of  less  dian  100  lb  per  yd  in  weight.  If  this  cooling  requirement  is 
not  met,  the  rails  shall  be  considered  control-cooled,  pro\ided  that  the  temperature 
at  a  location  not  less  than  12  in.  from  die  end  of  a  rail  at  approximately  the 
center  of  the  middle  tier  does  not  drop  below  300  deg  F  in  less  than  15  hours. 

6.  The  purchaser  shall  be  furnished  a  complete  record  of  the  process  for  each 
container  of  rails. 
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Manual  Recommendations 
Committee  8 — Concrete  Structures  and  Foundations 

Report  on  Assignment   1 

Part  2 
Reinforced  Concrete  Design 

J.  R.  Moore  (cluiirman,  subcommittee). 

SPECIFICATIONS  FOR  DESIGN  OF  REINFORCED  CONCRETE   MEMBERS 

1978 

2.1  GENERAL 

2.1.1  Scope 

These  specifications  shall  govern  the  design  of  reinforced  concrete  members 
of  railway  structures  supporting  or  protecting  tracks  and  shall  govern  both  SERVICE 
LOAD  DESIGN  and  LOAD  FACTOR  DESIGN.  For  design  of  prestressed  mem- 
bers, see  Part  17  of  this  Chapter. 

2.1.2  Design  Methods 

(a)  The  design  of  reinforced  concrete  members  shall  be  made  either  witli 
reference  to  service  loads  and  allowable  service  load  stresses  as  provided  in  SERVICE 
LOAD  DESIGN  or,  alternately,  with  reference  to  load  factors  and  strength  as 
provided  in  LOAD  FACTOR  DESIGN.  The  design  metliod  to  be  used,  SERVICE 
LOAD  DESIGN  or  LOAD  FACTOR  DESIGN,  shall  be  as  directed  by  the  engineer. 

(b)  All  applicable  provisions  of  this  specification  shall  apply  to  both  methods 
of  design. 

(c)  The  strength  and  serviceabihty  requirements  of  LOAD  FACTOR  DESIGN 
may  need  to  be  satisfied  for  design  by  SERVICE  LOAD  DESIGN  if  the  service 
load  stresses  are  limited  to  the  values  given  in  Article  2.26. 

2.1.3  Highway  Bridges 

Unless  otherwise  specified  by  highway  authority,  all  highway  bridges  shall  be 
designed  in  accordance  with  the  latest  Standard  Specifications  for  Highway 
Bridges  adopted  by  the  American  Association  of  State  Highway  and  Transportation 
Officials. 

2.1.4  Buildings 

Unless  otherwise  specified  by  city  ordinance  or  state  code,  all  railwa>-  buildings 
shall  be  designed  in  accordance  witli  the  latest  "ACI  Standard  Building  Code  Re- 
quirements for  Reinforced  Concrete"  of  the  American  Concrete  Institute,  subject  to 
design  loads  conforming  to  railway  requirement. 
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2.1.5  Pier  Protection 

Piers  supporting  bridges  over  railways  and  located  within  25  ft  of  the  center- 
line  of  a  railroad  track  shall  be  of  heavy  construction  or  shall  be  protected  by  a 
reinforced  concrete  crash  wall  extending  to  not  less  than  6  ft  abo\e  top  of  rail. 
When  two  or  more  light  columns  compose  a  pier,  a  wall  at  least  2  ft  thick  shall 
connect  the  columns.  When  a  pier  consists  of  a  single  column,  it  shall  be  protected 
by  a  crash  wall  parallel  to  track.  The  wall  shall  be  at  least  2  ft  6  in.  thick  and 
extend  for  a  distance  of  at  least  6  ft  from  both  sides  of  the  column.  The  face  of 
crash  walls  shall  extend  a  distance  of  at  least  6  in.  beyond  the  face  of  column  on 
the  side  adjacent  to  the  track  and  shall  be  anchored  to  the  columns  and  footings 
with  adequate  steel  reinforcement. 

2.2  NOTATIONS,  DEFINITIONS  AND  DESIGN  LOADS 

2.2.1  Notatioiu 

a  =  depth  of  equivalent  rectangular  stress  block,  inches.  See  Article  2.31.1 

(f) 

ab  =  depth  of  equivalent  rectangular  stress  block  for  balanced  strain  condi- 
tions, inches.  See  Article  2.33.2(c) 

A  =  effective  tension  area  of  concrete  surrounding  the  main  tension  rein- 
forcing bars  and  having  the  same  centroid  as  that  reinforcement,  di- 
vided by  the  number  of  bars,  square  inches.  When  the  main  reinforce- 
ment consists  of  several  bar  sizes  the  number  of  bars  shall  be  computed 
as  the  total  steel  area  divided  by  the  area  of  the  largest  bar  used — 
Article  2.39 

Ab        =  area  of  an  individual  bar,  square  inches — Article  2.14 

Ac  =  area  of  core  spirally  reinforced  compression  member  measured  to  the 
outside  diameter  of  the  spiral,  square  inches — Ai-ticle  2.11.2 

Ag        ^   gross  area  of  section,  square  inches 

A,        =   area  of  tension  reinforcement,  square  inches 

A'.       =  area  of  compression  reinforcement,  square  inches 

A«f  =  area  of  reinforcement  to  de\"elop  compressive  strength  of  o\erhanging 
flanges  of  I-  and  T-sections,  square  inches — Article  2.32.3 

Ast  =  total  area  of  longitudinal  reinforcement,  square  inclies — Article  2.33.1 
(c)  and  2.33.2(a) 

Av        =  area  of  shear  reinforcement  within  a  distance  s,  square  inches 

Avf  =  area  of  shear-friction  reinforcement,  square  inches — Article  2.29.4  and 
2.35.4 

Aw       ^  area  of  individual  \\ire  to  be  de\eloped  or  spliced,  square  inches 

Ai        =  loaded  area — Articles  2.26  and  2.36 

As  r=  maximum  area  of  the  portion  of  the  supporting  surface  that  is  geo- 
metrically similar  to  and  concentric  with  the  loaded  area — .\rticles  2.26 
and  2,36 

b  ^=  width  of  compression  face  of  member,  inches 

bo  =  periphery  of  critical  section  for  slabs  and  footings,  inches — Articles 
2.29.6  and  2.35.6 
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br  =  width  of  cross  section  beinj^  investigated  for  horizontal  shear — Articles 
2.29.6  and  2.35.5 

bw  =  web  width,  or  diameter  of  circular  section.  For  tapered  webs,  the 
average  width  or  1.2  times  the  niininuun  width,  whichever  is  smaller, 
inches— Articles  2.29.1  and  2.35.1 

c  =  distance  from  extreme  compression  fiber  to  neutral  axis,  inches — Article 

2.31.1(f) 

Cm  =  a  factor  relating  the  actual  moment  diagram  to  an  equivalent  uniform 
moment  diagram — Article  2.34.2 

d  :=  distance  from   extreme   compression  fiber  to   centroid  of  tension  rein- 

forcement, inches 

d'  =  distance  from  extreme  compression  fiber  to  centroid  of  compression 
reinforcement,  inches 

d"  =  distance  from  centroid  of  gross  section  neglecting  the  reinforcement, 
to  centroid  of  tension  reinforcement,  inches 

db        =  diameter  of  bar  or  wire,  inches 

dc  =  thickness  of  concrete  cover  measured  from  extreme  tension  fiber  to 
center  of  bar  located  closest  tliereto,  inches — Article  2.39 

Ec        =  modulus  of  elasticity  of  concrete,  psi.  See  Article  2.23.3 

EI        =  flexural  stiffness  of  compression  member — Article  2.34.2 

Es        =  modulus  of  elasticity  of  steel,  psi.  See  Article  2.2.3.4 

r=  average  bearing  stress  in  concrete  on  loaded  area,  psi — Articles  2.26.1 
and  2.36 

r=  extreme   fiber   compressive   stress   in   concrete   at   service   loads,   psi — 
Article  2.26.1 

:=  specified  compressive  strength  of  concrete,  psi 
\/f'c    r=  square  root  of  specified  compressive  strengh  of  concrete,  psi 

;=  average  splitting  tensile  strength  of  lightweight  aggregate  concrete,  psi 

=z   tensile  stress  developed  by  a  standard  hook,  psi — Article  2.17 

=  algebraic  minimum  stress  level,  tension  positive,  compression  negative, 

ksi— Article  2.38.2 
^=   modulus  of  rupture  of  concrete,  psi — Article  2.26.1 
=  stress  range  in  steel  reinforcement,  ksi — Article  2.38.2 
=  tensile  stress  in  reinforcement  at  service  loads,  psi — Article  2.26.2 
=  stress  in  compression  reinforcement  at  balanced  strain  conditions.  See 

Articles  2.32.4  and  2.33.2(c) 
=  extreme  fiber  tensile  stress  in  concrete  at  service  loads — Article  2.26.1 
=  specified  yield  strength  of  reinforcement,  psi 
h         =  overall  thickness  of  member,  inches 
hf        =  compression  flange  thickness  of  I-  and  T-sections,  inches 

=  moment  of  inertia  of  cracked  section  transformed  to  concrete — Article 

2.23.7 
=  effective  moment  of  inertia  for  computation  of  deflection — Article  2.23.7 
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Ig         z=  moment    of    inertia    of   gross    concrete    section    about    centroidal    axis, 
neglecting  reinforcement 

Is  =:  moment  of  inertia   of  reinforcement  about  centroidal  axis  of  member 

cross  section 

k  =  effective  length  factor  for  compression  member — Article  2.34.2(c) 

Xj         =  additional    embedment    length    at    support    or    at    point    of    inflection, 
inches — Article  2.13.2(c) 

Xa  r=  development  length,  inches.  See  Articles  2.13  through  2.22. 

Xe  =  equivalent  embedment  length,  inches — Article  2.18 

Xu  =  unsupported  length  of  compression  member — Article  2.34 

M  ^=  computed  moment  capacity  as  defined  in  Article  2.13.2 

Ma       =  maximum  moment  in  member  at  stage  for  which  deflection  is  being 
computed — Article  2.23.6 

Mb       =  nominal  moment  strength  of  a  section  at  balanced  strain  conditions — 
Article  2.33.2(c) 

Mc       ^=  moment  to  be  used  for  design  of  compression  member — Article  2.34.2 

Mcr      =  cracking  moment.  See  Article  2.23.7 

Mn       =  nominal  moment  strength  of  a  section 

Mnx      =:  nominal  moment  strength  of  a  section  in  direction  of  x  axis — Article 
2.33.3 

Mnv      r=  nominal  moment  strength  of  a  section  in  direction  of  y  axis — Article 
2.33.3 

Mu       =:  factored  moment  at  section  <*Mn 

Mux  =  factored  moment  component  in  direction  of  x  axis — Article  2.33.3 
Muy  =:  factored  moment  component  in  direction  of  y  axis — Article  2.33.3 
Ml       =:  value  of  smaller  end  moment  on  compression  member  calculated  from 

a  conventional  elastic  analysis,  positive  if  member  is  bent  in  single 

curvature,  negative  if  bent  in  double  cur\ature — Article  2.34.2 
Ms       =  value  of  larger  end  moment  on  compression  member  calculated  from  a 

conventional   elastic   analysis,    always   positi\e — .Article   2.34.2 
n  =  modular  ratio  =  Es/Ec — Article  2.27 

>J         z=  design    axial    load    normal    to    cross    section    occurring    .simultaneously 

with  V  to  be  taken  as  positive  for  compression,  negati\e  for  tension, 

and   to   include   die   effects   of  tension   due   to   shrinkage   and  creep — 

Article  2.29.2 
Nu       =  factored  axial  load  normal  to  the  cross  section  occurring  simultaneously 

with  Vu  to  be  taken  as  positi\e  for  compression,  negative  for  tension, 

and  to  include  the  effects  of  tension  due  to  shrinkage  and  creep — 

Article  2.35.2 
Pb        =  nominal  axial  load  strength  of  a  section  at  balanced  strain  conditions — 

Article  2.33.2(c) 
Po        =z  critical  load.  See  Article  2.34.2 
Pn        =  nominal  axial  load  strength  at  given  eccentricity 
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Poi       =  noniinal   axial  load  strength  corresponding  to  Mnv  with  bending  con- 
sidered in  the  direction  of  the  x  axis  onlly — Article  2.33.3 

P„y       =  nominal   axial  load  strength  corresponding  to  Mny  with  bending  con- 
sidered in  the  direction  of  the  x  axis  only — Article  2.33.3 

Pnxy     =  nominal  axial  load  strength  with  biaxial  loading — Article  2.33.3 

Po        =  nominal  axial  load  strength  of  a  section  at  zero  eccentricity — Article 

2.33.2(b) 

Pu        =  factored  axial  load  at  given  eccentricity  <*''n 

r  =  radius    of   gyration  of   cross   section   of   compression   member — Article 

2.34.2(b)  ^ 

s  =  tie  spacing,  inches — Article  2.22.3(a) 

s  =  shear  reinforcement  spacing  in  a  direction  parallel  to  the  longitudinal 

reinforcement,  inches 
Sw        =  spacing  of  wire  to  be  developed  or  spliced,  inches 

5  =  span  length  as  defined  in  Article  2.23.6,  feet 

V  =  design  shear  stress  at  section — Article  2.29 

Vc  ^=  permissible  shear  stress  carried  by  concrete — Article  2.29  and  2.3.5 

v,ih  =  design  horizontal  shear  stress  at  any  cross  section — Article  2.29.5 

Vh  =:  permissible  horizontal  shear  stress — Articles  2.29.5  and  2.35.5 

Vu  =  factored  shear  stress  at  section — Article  2.35 

v„h  =  factored   horizontal    shear   stress    at   any   cross   section — Article   2.35.5 

V  =  design  shear  force  at  section — Article  2.29 
Vu  =  factored  shear  force  at  section — Article  2.35 
Wc  =  weight  of  concrete,  pounds  per  cubic  foot 

y,         ;=:  distance  from  centroidal  axis  of  gross  section,  neglecting  reinforcement, 

to  extreme  fiber  in  tension,  inches — Article  2.23.7 
Z  =11  quantity  limiting  distribution  of  flexural  reinforcement — Article  2.39 

a  =:  angle   between   inclined   shear   reinforcement   and  longitudinal   axis   of 

member 
0b        =  ratio  of  area  of  bars  cut  of!   to  total  area  of  bars  at  the  section.  See 

Article  2.13.1(f) 
Pc         =^  ratio  of  long  side  to  short  side  of  concentrated  load  or  reaction  area — 

Articles  2.29.6  and  2.35.6 
Pa        =  ratio  of  maximum  dead  load  moment  to  maximum  total  load  moment, 

always  positive — Article  2.34.2 
/3i        =z  a  factor  defined  in  Article  2.31.1(f) 

6  =z  moment    magnification    factor    for   compression    members.    See    Article 

2.34.2 
ft,         =^  coefficient  of  friction.  See  Articles  2.29.4  and  2.35.4 
f  =  constant  for  standard  hook — Article  2.17 

p  =  tension  reinforcement  ratio  =:  As/bd 

p'         =  compression  reinforcement  ratio  :=  A',/bd 
Pb         =  reinforcement  ratio  producing  balanced  strain  conditions.  See  Article 

2.32.1 
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Pmin     =  minimum  tension  reinforcement  ratio.  See  Article  2.7 

Pa  =  ratio  of  volume  of  spiral  reinforcement  to  total  volume  of  core  (out- 
to-out  of  spirals)  of  a  spirally  reinforced  compression  member — Arti- 
cle 2.11.2 

Pw        =  reinforcement  ratio  used  in  Eq.  (5-2)  and  Eq.  (6-21) 

*         =  strength  reduction  factor.  See  Article  2.30.1 

2.2.2  Definitions 

The   following   terms   are   defined   for   general   use   in   Part   2.    Specialized  defi- 
nitions appear  in  individual  Articles. 

COMPRESSIVE  STRENGTH  OF  CONCRETE  (f'c)— Specified  compressive 
strength  of  concrete  in  pounds  per  sqare  inch  (psi).  \\Tiere\er  this  quantity  is 
under  a  radical  sign,  the  square  root  of  the  numerical  \alue  only  is  intended,  and 
the  resultant  is  in  pounds  per  square  inch   (psi). 

DEFORMED  REINFORCEMENT— Deformed  reinforcing  bars,  deformed  wire, 
welded  smooth  vdre  fabric,  and  welded  deformed  wire  fabric. 

DESIGN  LOAD — All  applicable  loads  and  forces  or  related  internal  moments  and 
forces  used  to  proportion  members.  For  design  by  SERMCE  LOAD  DESIGN, 
design  load  refers  to  loads  without  load  factor — LOAD  FACTOR  DESIGN,  design 
load  refers  to  loads  multiplied  by  appropriate  load  factors. 

DESIGN  STRENGTH — Nominal  strength  multiplied  by  a  strength  reduction  factor 
*— See  Article  2.30.1. 

DEVELOPMENT   LENGTH — Length   of  embedded   reinforcement  required   to   de- 
velop the  design  strength  of  the  reinforcement  at  a  critical  section. 
EMBEDMENT    LENGTH — Length    of   embedded   reinforcement   pro\ided   l^eyond 
a  critical  section. 

EMBEDMENT  LENGTH,  EQUIVALENT  (Xe)— Length  of  embedded  reinforce- 
ment that  can  develop  the  same  stress  as  that  which  can  be  developed  by  a  hook 
or  mechanical  anchorage. 

END  ANCHORAGE — Length  of  reinforcement,  or  a  mechanical  anchor,  or  a  hook, 
or  combination  thereof,   beyond   the  point  of  zero  stress  in  the  reinforcement. 
FACTORED    LOAD — Load,    multiplied   by   appropriate   load   factors,   used   to   pro- 
portion member  by  die  LOAD  FACTOR  DESIGN  method. 

NOMINAL  STRENGTH — Strength  of  a  member  or  cross  section  calculated  in 
accordance  with  provisions  and  assumptions  of  the  LOAD  FACTOR  DESIGN 
method  before  application  of  any  strength  reduction  factors — See  Article  2.30.L 
PLAIN  REINFORCEMENT — Reinforcement  that  does  not  conform  to  die  defi- 
nition  of   deformed   reinforcement. 

REQUIRED  STRENGTH — Strength  of  a  member  or  cross  section  required  to  resist 
factored  loads   or  related  internal  moments  and  forces  in  such  combinations  as  are 
stipulated  in  Articles  2.2.4(c) — See  Article  2.30.2. 
SERVICE  LOAD — Loads  and  forces  without  load  factors. 

SPIRAL — Continuously  wound  reinforcement  in  the  form  of  a  c\lindrical  helix. 
STIRRUPS  OR  TIES — Lateral  reinforcement  formed  of  indi\idual  imits,  open  or 
closed,  or  of  continuously  wound  reinforcement.  The  term  "stirrups"  is  u:iually 
applied  to  lateral  reinforcement  in  horizontal  members  and  the  term  "ties"  to  those 
in  vertical  members. 
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YIELD  STRENGTH  OR  YIELD  POINT  (f,)— Specified  niiiiiinum  yield  streiitjth  or 
yield  point  of  reinforcement  in  pounds  per  sciuare  inch. 

CONCRETE,  STRUCTURAL  LICHTWEICHT— A  concrete  containing  lightweight 
aggregate  meeting  the  requirements  of  Part   \,  Chapter  8. 

2.2.3  Design  Loads 

(a)  General 

The   following   loads   and   forces   shall   be   considered   in   the   design   of  railway 
concrete  structures  supporting  tracks: 

D         =  Dead  Load  F         =  Longitudinal  Force  due  to 

L  =   Lixe  Load  Friction    or    Shear    Resist- 

ance  at  Expansion  Bearings 


I  ^  Impact 

CF      =  Centrifugal  Force 

E  ^   Earth  Pressure 


EQ      =  Earthquake   ( Seismic ) 

SF       r=  Stream  Flow  Pressure 

ICE     =  Ice  Pressure 

"  - '      y  N         =r  Lateral   Forces    ( Nosing ) 

W        =   Wind  L(,ad  on  Structure  Qp      ^   q^,^^^   P^^^.^^    ^^^   Sj^^^^. 

WL     =  Wind  Load  on  Live  Load  ening,   Shrinkage,  Temper- 

LF       =  Longitudinal  Force  from  ature  and/or  Settlement  of 

Live   Load  Supports) 

Each  member  of  the  structure  shall  be  designed  for  that  combination  of  such 
loads  and  forces  that  can  occur  simultaneously  to  produce  the  maximum  stress  as 
specified  in  Article  2.2.4. 

(b)  Dead  Load 

The  dead  load  shall  consist  of  tlie  estimated  weight  of  the  structural  member, 
plus  that  of  the  track,  ballast,  fill,  and  other  portions  of  the  structure  supported 
thereby. 

The  unit  weight  of  materials  comprising  the  dead  load,  except  in  special  cases 
involving  unusual  conditions  or  materials,   shall  be  assumed  as  follows: 

Track  rails,  inside  quardrails  and  fastenings — 20  lb  per  lin  ft  of  track. 

Ballast,  including  track  ties — 120  lb  per  cu  ft. 

Reinforced   concrete — L50  lb  per  cu  ft. 

Earthfilling  materials — 120  lb  per  cu  ft. 

Waterproofing  and  protective  covering — estimated  weight. 

(c)  Live  Load 

The  reconunended  li\e  load  for  each  track  of  main  line  structures  in  Cooper  E 
80  loading  with  axle  loads  and  axle  spacing  as  shown  in  the  diagram.  On  branch 
lines  and  in  other  locations  where  the  loading  is  limited  to  the  use  of  light  equip- 
ment, or  cars  only,  the  live  load  may  be  reduced,  as  directed  by  the  engineer.  For 
structures  wherein  the  material  in  the  primary  load-carrying  members  is  not  con- 
crete, the  E  loading  used  for  the  concrete  design  shall  be  that  used  for  die  primary 
members. 
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The  axle  loads  on  structures  may  be  assumed  as  uniformly  distributed  longi- 
tudinally over  a  length  of  3  ft,  plus  the  depth  of  ballast  under  the  tie,  plus  twice  the 
effective  depth  of  slab,  limited,  however,  by  the  axle  spacing. 

Live  load  from  a  single  track  acting  on  the  top  surface  of  a  structure  \\'ith 
ballasted  deck  or  under  fills  shall  be  assumed  to  have  uniform  lateral  distribution 
over  a  width  equal  to  the  length  of  track  tie  plus  the  depth  of  ballast  and  fill  below 
the  bottom  of  tie,  unless  limited  by  the  extent  of  the  structure. 

The  lateral  distribution  of  live  load  from  multiple  tracks  shall  be  as  specified 
for  single  tracks  and  further  limited  so  as  not  to  exceed  the  distance  between  centers 
of  adjacent  tracks. 

The  lateral  distribution  of  the  live  load  for  structures  under  deep  fills  carr>ing 
multiple  tracks,  shall  be  assumed  as  uniform  between  centers  of  outside  tracks,  and 
the  loads  beyond  these  points  shall  be  distributed  as  specified  for  single  track.  Wideh- 
separated  tracks  shall  not  be  included  in  the  multiple  track  group. 

In  calculating  the  maximum  live  load  stresses  in  a  structural  member  due  to 
simultaneous  loading  on  two  or  more  tracks,  the  following  proportions  of  the  speci- 
fied live  load  shall  be  used: 

For  two  tracks    — full  live  load. 

For  three    tracks — full  li\'e  load  on  two  tracks  and  one-half  on  the  other  track. 

For  four  tracks  — full  live  load  on  two  tracks,  one-half  on  one  track,  and  one- 
fourth  on  the  remaining  track. 

The  tracks  seleted  for  full  live  load  in  accordance  with  the  listed  limitations 
shall  be  those  tracks,  which,  when  fully  loaded  will  produce  the  maximum  stress 
in   the   member   under  consideration. 

(d)  Impact  Load 

To  the  axle  loads  specified,  there  shall  be  added  impact  forces,  applied  at  the 
top  of  rail,  distributed  the  same  as  outlined  for  the  axle  loads,  and  equal  to  the 
following  percentage  of  the  live  load: 

lOOL 


I  = 


L  +   D 


where  I  is  the  percentage  of  the  live  load  for  impact.  D  is  the  dead  load  applicable 
to  the  member  for  which  computations  are  being  made.  L  is  the  total  live  load  on 
the  member  for  which  computations  are  being  made. 

Maximum  steam  engine  impact  shall  not  exceed  SO  percent.   Maxiimun  diesel 
engine  impact  shall  not  exceed  60  ix>rccnt. 
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Where,  by  reason  of  the  mass  of  the  structure  or  other  features,  the  effect  of 
impact  may  be  dissipated,  the  engineer  may  use  his  judgment  in  reducing  tlie 
percentage  produced  by  the  above  formula. 

(e)  Centrifugal  Force 

On  curves,  a  centrifugal  force  corresponding  to  each  axle  load  shall  be  applied 
horizontally  through  a  point  6  ft  above  the  top  of  rail  measured  along  a  line  per- 
pendicular to  the  line  joining  the  tops  of  the  rails  and  equidistant  from  them.  This 
force  shall  be  the  percentage  of  die  live  load  computed  from  the  fonnulas  below. 

On  cur\es,  each  axle  load  on  each  hack  shall  be  applied  \ertically  through  the 
point  defined  in  the  first  paragraph  of  this  article. 

The  greater  of  loads  on  high  and  low  sides  of  a  superele\  ated  track  sliall  be 
used  for  the  design  of  supports  under  both  sides. 

The  relationships  between  speed,  degree  of  cur\e,  centrifugal  force  and  a 
superelevation  which  is  3  in.  less  than  that  required  for  zero  resultant  flange  pres- 
sure between  wheel  and  rail  are  expressed  by  the  fonnulas: 

C  =  0.00117  S'D 

E  =  0.0007  S^D  —  3 


-/"o^ 


£.    +   3 


.0007  D 

in  which  C   =  Centrifugal  force  in  percentage  of  the  live  load 
D  ^=  Degree  of  curve 
E  =  Actual  superelevation  in  inches 
S  =^  Permissible  speed  in  miles  per  hour 

(f)  Earth  Pressure 

Earth  pressure  forces   to  be   applied  to   the   structure  shall   be   determined  in 
accordance  with  the  provisions  of  Part  5  of  this  chapter. 

(g)  Buoyancy 

Buoyancy   shall   be   considered   as   it   affects   the   design   of   either   substructure, 
including  piling,  or  the  superstructure. 

(h)  Wind  Load  on  Structure 
The  wind  load  acting  on  the  structure  shall  be  assumed  as  45  lb  per  sq  ft  on 
the    vertical   projection   of   the   structure,    applied   at   the   center   of    gravit>-   of   the 
vertical  projection.  The  wind  load  shall  be  assumed  to  act  horizontalK.  in  a  direc- 
tion perpendicular  to  the  centcrline  of  the  track. 

(i)  Wind  Load  on  Live  Load 

A  moving  load  of  300  lb  per  lin  ft  on  the  train  shall  be  applied  8  ft  abo\e  the 
top  of  rail  horizontally  in  a  direction  perpendicular  to  the  centerline  of  tiie  track, 
(j)  Longitudinal  Force  from  Live  Load 

( 1 )  The  longitudinal  force  from  trains  shall  be  taken  as  15  percent  of  the 
live  load  without  impact. 

(2)  Where  the  rails  are  continuous  (either  welded  or  bolted  joints)  across 
the  entire  bridge  from  embankment  to  embankment,  the  effective  longi- 
tudinal force  shall  be  taken  as  L/1200  (where  L  is  the  length  of  the 
bridge  in  feet)  times  the  force  specified  in  (a),  but  the  value  of  L/1200 
shall  not  exceed  0.80. 
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(3)  Where  the  rails  are  not  continuous  (broken  by  a  movable  span,  sliding 
rail  expansion  joints,  or  other  devices)  across  the  entire  bridge  from 
embankment  to  embankment,  the  effective  longitudinal  force  shall  be 
taken  as  the  entire  force  specified  in   (a). 

(4)  The  effective  longitudinal  force  shall  be  taken  on  one  track  only  and 
shall  be  distributed  to  the  various  components  of  the  supporting  struc- 
ture, taking  into  accoimt  their  relative  stifiriess  where  appropriate  and 
the  type  of  bearings. 

(5)  The  effective  longitudinal  force  shall  be  assumed  to  be  applied  at  the 
top  of  the  supporting  structure. 

(k)  Longitudinal  Force  Due  to  Friction  or  Shear  Resistance  at  Expansion 
Bearings 

Pro\'isions  shall  be  made  to  accommodate  forces  due  to  friction  or  shear  resist- 
ance  due   to  expansion  bearings. 

(1)  Earthquake 

In  regions  where  earthquakes  may  be  anticipated,  structures  may  be  designed 
to  resist  earthquake  motions  by  considering  the  relationship  of  the  site  to  active 
faults,  the  seismic  response  of  the  soils  at  the  site,  and  the  d\namic  response  char- 
acteristic of  the  total  structure. 

(m)  Stream  Flow  Pressure 

All  piers  and  other  portions  of  structures  which  are  subject  to  the  force  of  flow- 
ing water  or  drift  shall  be  designed  to  resist  the  maximum  stresses  induced  thereb>". 

(n)  Ice  Pressure 

The  effects  of  ice  pressure,  both  static  and  dynamic,  shall  be  accounted  for  in 
the  design  of  piers  and  other  portions  of  the  structure  where,  in  the  judgment  of  the 
engineer,   conditions  so  warrant. 

(o)  Lateral  Forces  (Nosing) 

A  longitudinal  force  equal  to  )i  of  die  weight  of  the  heaviest  axle  in  the  speci- 
fied design  live  load  shall  be  applied  at  the  base  of  rail  in  either  direction  and  at 
any  point  along  the  span. 

(p)  Other  Forces  (Rib  Shortening,  Shrinkage,  Temperature  and/or  Settlement 
of  Supports) 

The  structure  shall  be  designed  to  resist  the  forces  caused  by  rib  shortening, 
shrinkage,  temperature  rise  and/or  drop  and  the  anticipated  settlement  of  supports. 

The  range  of  temperature  shall  generally  be  as  follows: 

Temperature  Temperature 

Climate  Rise  Fall 

Moderate  30  F  40  F 

Cold  35  F  45  F 

2.2.4  Loading  Combination 

(a)  General 

The  following  groups  represent  \arious  combinations  of  loads  and  forces  to 
which  a  structure  may  be  subjected.  Each  component  of  the  structure,  or  die 
foundation  on  which  is  rests,  shall  be  proportioned  to  \\ithstand  safcl>-  all  group 
combinations  of  these  forces  that  are  applicable  to  the  particular  site  or  type  of 
structure. 


Manual  Recommendations  101 


(b)  Service  Load  Design 

The  group  loading  combinations  for  SERVICE  LOAD  DESIGN  are  as  follows: 


Allowable  Percentage 
of  Basic  Unit  Stress 


Group  I:  D  +  L  +  I  +  CF  +  E  +   B  +   SF                                  100 

Group  II:  D  4-  E  +  B  +   SF  +  W  125 

Group  III:  Group  I  +  0.5W  +WL+LF+F  +  N  125 

Group  IV:  Group  I  +  OF  125 

Group  V:  Group  II  +   OF  140 

Group  VI:  Group  III  +  OF  140 

Group  VII:  D  +  E  +   B  +   SF  +  EQ  133 

Group  VIII:  Group  I  +  ICE  140 

Group  IX:  Group  II  +  ICE  150 

No  increase  in  allowable  unit  stresses  shall  be  permitted  for  members  or  con- 
nections carrying  wind  load  only.  If  predictability  of  service  load  conditions  are 
different  than  anticipated  by  the  specifications,  this  should  be  accounted  for  in  the 
appropriate    service   load    analyses    or   unit   stress   increase   percentages   respectively. 

(c)  Load  Factor  Design 

The  group  loading  combinations  for  LOAD  FACTOR  DESIGN  are  as  follows: 
Group         I     1.4   (D  +  5/3   (L  +   I)    +  CF    +   E   +   B  +  SF) 
Group      lA     1.8   (D  +  L  +  I  +  CF  +  E  +  B  +  SF) 
Group       II     1.4   (D  +  E  +  B  +  SF  +  W) 
Group      III     1.4  (D  +  L  +  I  +  CF  +  E  +  B  +  SF  +  0.5W  +  WL  +  LF  + 

F  +  N) 
Group      IV     1.4   (D  +  L  +   I  +  CF  +  E  +  B  +  SF  +  OF) 
Group        V     Group  II  +   1.40F 
Group      VI     Group  III  +   1.40F 
Group    VII     1.4   (D  +   E  +   B  +   SF  +  EQ) 
Group  VIII     1.4   (D  +  L  +  I  +  E  +   B  +  SF  +   ICE) 
Group      IX     1.2   (D  +   E  +  B  +  SF  +  W  +   ICE) 

The  load  factors  given  are  only  intended  for  designing  structural  members  b\- 
tlie  load  factor  concept.  The  actual  loads  should  not  be  increased  by  these  factors 
when  designing  for  foundations  ( soil  pressure,  pile  loads,  etc. ) .  The  load  factors  are 
not  intended  to  be  used  when  checking  for  foundation  stability  (safety  factors 
agaiiLst  overturning,  sliding,  etc. )  of  a  structure.  The  load  factors  given  above 
represent  usual  conditions  and  should  be  increased  if,  in  the  engineer's  judgment, 
the  predictability  of  loads  is  different  than  anticipated  by  the  specifications. 

2.3  MATERIALS 

2.3.1  Concrete 

( 1 )  Compressi\'e  strength  of  concrete  f'c  for  which  each  part  of  the  structure 
is  designed,  shall  be  shown  on  the  plans. 

(2)  Specified  compressive  strengdi  of  concrete  f'c  shall  be  the  basis  for  accept- 
ance. Requirements  for  f'c  shall  be  based  on  tests  of  cylinders  made  and  tested  in 
accordance  with  the  methods  as  prescribed  in  Part  1  of  this  chapter. 


102 Bulletin  670 — American  Railway  Engineering  Association 

2.3.2  Reinforcement 

(a)  Yield  strength  or  grade  of  reinforcement  used  in  design  shall  be  shown  on 
the  plans. 

(b)  Reinforcement  to  be  welded  shall  be  indicated  on  the  plans  and  the  weld- 
ing procedure  to  be  used  shall  be  specified.  ASTM  steel  specifications,  except  for 
ASTM  A706,  shall  be  supplemented  to  require  a  report  of  material  procedures 
specified  in  "Reinforcing  Steel  Welding  Code"  (AWS  D12.1)  of  the  American 
Welding  Society. 

(c)  Designs  shall  not  be  based  on  a  yield  strength  fy  in  excess  of  60,000  psi. 

(d)  Only  defomied  reinforcement  as  defined  in  Article  2.2.2  shall  be  used 
except  that  plain  bars  or  smooth  wire  may  be  used  as  spirals. 

(e)  Reinforcement  shall  conform  to  the  specifications  listed  in  Part  1,  except 
that,  for  reinforcing  bars,  the  yield  strength  shall  correspond  to  that  determined 
by  tests  on  full-size  bars. 

DETAILS  OF  REINFORCEMENT 

2.4  HOOKS  AND  BENDS 

2.4.1  Hooks 

The  term   "standard  hooks"  as  used  herein  shall  mean  either: 

(a)  A  180-deg  bend  plus  an  extension  of  at  least  four  bar  diameters  but  not 
less  than  2/2  in.  at  the  free  end  of  the  bar,  or 

(b)  A  90-deg  bend  plus  an  extension  of  at  least  12  bar  diameters  at  the  free 
end  of  the  bar,  or 

(c)  For  stirrup  and  tie  anchorage  only,  either  a  90-deg  or  a  135-deg  bend 
plus  an  extension  of  at  least  six  bar  diameters  but  not  less  than  2?2  in.  at  the  free 
end  of  the  bar. 

2.4.2  Minimum  Bend  Diameter 

(a)  Diameter  of  bend  measured  on  the  inside  of  the  bar,  other  than  for 
stirrups  and  ties,  shall  not  be  less  than  the  values  of  Table  2.4  except  tliat  for 
Grade  40  bars  in  sizes  #3  to  #11,  inclusive,  with  bends  not  exceeding  180-deg, 
the  minimum  diameter  shall  be  five  bar  diameters. 

(b)  Inside  diameter  of  bend  for  stirrups  and  ties  shall  not  be  less  than 
four  bar  diameters  for  sizes  #5  and  smaller,  and  five  bar  diameters  for  sizes  #6 
to  #8  inclusive. 

(c)  Inside  diameter  of  bend  in  welded  wire  fabric,  smooth  or  deformed,  for 
stirrups  and  ties  shall  not  be  less  than  four  wire  diameters  for  defonned  wire  larger 
than  D6  and  two  wire  diameters  for  all  otlier  wires.  Bends  with  inside  diameter  of 
less  than  eight  wire  diameters  shall  not  be  less  than  four  wire  diameters  from  the 
nearest  welded  intersection. 

TABLE  2.4— MINIMUM  DIAMETER  OF  BEND 

Bar  Size  Minimimi  Diameter 

#3  through   #8  6  bar  diameters 

#9,   #10  and  #11  8  bar  diameters 

#14  and  #18  10  bar  diameters 
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2.5  SPACING  OF  REINFORCEMENT 

(a)  For  cast-in-place  concrete  the  clear  distance  between  parallel  bars  in 
a  layer  shall  not  be  less  than  one  and  one-half  times  the  diameter  of  the  bars,  two 
times  the  maximum  size  of  the  coarse  aggregate,  nor  VA  in. 

(b)  For  precast  concrete  (manufactured  under  plant  control  conditions)  the 
clear  distance  between  parallel  bars  in  a  layer  shall  be  not  less  than  the  diameter 
of  the  bars,  one  and  one-third  times  the  maximum  size  of  the  coarse  aggregate, 
nor  1  in. 

(c)  Where  positive  or  negative  reinforcement  is  placed  in  two  or  more  lay- 
ers, bars  in  the  upper  layers  shall  be  placed  directly  above  those  in  the  Iwttom 
layer  with  the  clear  distance  between  layers  not  less  than  1  in. 

(d)  Clear  distance  limitation  between  bars  shall  also  apply  to  the  clear  dis- 
tance between  a  contact  lap  splice  and  adjacent  splices  or  bars. 

(e)  Groups  of  parallel  reinforcing  bars  bundled  in  contact  to  act  as  a  unit 
shall  be  hmited  to  four  in  any  one  bundle.  Bars  larger  than  #11  shall  not  be 
bundled  in  beams.  Bundled  bars  shall  be  located  within  stirrups  or  ties.  Individual 
bars  in  a  bundle  cut  off  within  the  span  of  a  member  shall  terminate  at  different 
points  with  at  least  40  bar  diameters  stagger.  Where  spacing  limitations  are  based 
on  bar  size,  a  unit  of  bundled  bars  shall  be  treated  as  a  single  bar  of  a  diameter 
derived  from  the  equivalent  total   area. 

(f)  In  walls  and  slabs  the  principal  reinforcement  shall  be  spaced  not 
farther  apart  than  one  and  one-half  times  the  wall  or  slab  thickness,  nor  more 
than  18  in. 

2.6  CONCRETE  PROTECTION  FOR  REINFORCEMENT 

2.6.1  Minimum  Concrete  Cover 

The  following  minimum  concrete  cover  shall  be  provided  for  reinforcement: 

Minimum 
Cover,  Inches 

Concrete  cast  against  and  permanently  exposed  to  earth 3 

Concrete  exposed  to  earth  or  weather 

Principal  reinforcement   2 

Stirrups,  ties  and  spirals   IVz 

Concrete  bridge  slabs 

Top  reinforcement   2 

Bottom  reinforcement    1  ^4 

Concrete  not  exposed  to  weather  or  In  contact  vvdth  ground 

Principal  reinforcement 1^ 

Stirrups,   ties  and  spirals    1 
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2.6.2  Concrete  Cover  for  Bar  Bundles 

For  bar  bundles,  minimum  concrete  cover  shall  be  equal  to  the  lesser  of  the 
equivalent  diameter  of  the  bundle  or  2  in.,  but  not  less  than  that  given  in  2.6.1 
above. 

2.6.3  Concrete  Cover  for  Corrosive  and  Marine  Environments 

In  corrosive  or  marine  environments  or  other  severe  exposure  conditions,  the 
amount  of  concrete  protection  shall  be  suitably  increased,  and  the  denseness  and 
nonporosity  of  the  protecting  concrete  shall  be  considered,  or  other  protection  shall 
be  provided. 

2.6.4  Corrosion  Protection 

Exposed  reinforcing  bars,  inserts,  and  plates  intended  for  bonding  with  future 
extensions  shall  be  protected  from  corrosion. 

2.7  MINIMUM  REINFORCEMENT  OF  FLEXURAL  MEMBERS 

(a)  At  any  section  of  a  flexiural  member,  except  walls  and  slabs,  where  rein- 
forcement is  required  by  analysis,  the  ratio  P  provided  shall  be  not  less  than  that 
given  by 

P„,„  =  200/fy  (2-1) 

In  T-girders,  where  the  web  is  in  tension,  the  ratio  p  shall  be  computed  for 
this  purpose  using  the  width  of  the  web. 

(b)  Alternately,  a  minimum  reinforcement  ratio  Pmm  may  be  computed  such 
that  the  reinforcement  provided  shaU  be  adequate  to  develop  a  moment  strength 
at  least  1.2  times  the  cracking  moment  calculated  on  the  basis  of  the  modulus  of 
rupture  specified  in  Article  2.26.1    (a). 

(c)  In  walls  and  slabs,  the  principal  reinforcement  in  the  direction  of  the 
span  shall  provide  a  ratio  of  reinforcement  area  to  gross  concrete  area  at  least 
equal  to  0.002. 

2  8  DISTRIBUTION  OF  REINFORCEMENT  IN 
FLEXURAL  MEMBERS 

(a)  Principal  tension  reinforcement  shall  be  well  distributed  in  the  zones  of 
maximum  tension.  Where  girder  flanges  are  in  tension,  the  tension  reinforcement 
shall  be  distributed  over  an  effective  slab  width  as  defined  in  Ari:icle  2.23.10  (b) 
or  2.23.11  (b),  or  a  width  equal  to  one-tenth  of  the  girder  span,  whichever  is 
smaller.  If  the  effective  slab  width  exceeds  one-tenth  of  the  span,  additional  longi- 
tudinal reinforcement  shall  be  provided  in  tlie  outer  portions  of  the  slab.  For  LOAD 
FACTOR   DESIGN,   the  additional  requirements  of  Article  2.39  shall  also  apply. 

(b)  If  the  depth  of  the  side  face  of  a  member  exceeds  2  ft,  longitudinal 
reinforcement  having  a  total  area  at  least  equal  to  10  percent  of  tlie  principal 
tension  reinforcement  shall  be  placed  near  tlie  side  faces  of  the  member  and  dis- 
tributed in  the  zone  of  flex-ural  tension.  The  spacing  of  such  reinforcement  shall  not 
exceed  12  in.  or  the  width  of  the  web,  whichever  is  less.  Such  reinforcement  may 
be  included  in  computing  the  flexural  capacity  only  if  a  stress  and  strain  com- 
patability  analysis  is  made  to  determine  stresses  in  tlie  individual  bars. 
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2.9  LATERAL  TIES  IN  BEAMS 

(a)  Compression  reinforcement  in  bcarrLs  shall  be  enclosed  by  ties  or  stir- 
rups, at  least  #3  in.  size  for  longitudinal  bars  #10  or  smaller,  and  at  least  #4  in. 
size  for  #11,  #14,  #18,  and  bundled  longitudinal  bars,  or  by  welded  wire  fabric 
of  etiuivalent  area.  Spacing  of  ties  shall  not  exceed  16  longitudinal  bar  diameters 
or  48  tie  diameters.  Such  stirrups  or  ties  shall  be  used  throughout  the  distance 
where   the    compression    reinforcement   is    required. 

(b)  Closed  ties  or  stirrups  may  be  formed  in  one  piece  by  overlapping  standard 
stirnip  or  tie  end  hooks  around  a  longitudinal  bar,  or  formed  in  one  or  two  pieces 
lap  spliced  with  a  Class  C  splice  (lap  of  l.T^d). 


2.10  SHEAR  REINFORCEMENT— GENERAL  REQUIREMENTS 

2.10.1  Minimum  Shear  Reinforcement 

(a)  A  minimum  area  of  shear  reinforcement  shall  be  provided  in  all  flexural 
members,  except  slabs,  footings,  and  shallow  beams,  where  the  design  shear  stress 
is  greater  than  one-half  the  permissible  shear  stress  Vc  carried  by  concrete.  Beams 
where  total  depth  does  not  exceed  either  10  in.,  2%.  times  the  thickness  of  the 
flange,  or  one-half  the  width  of  the  web  shall  be  considered  shallow  beams. 

( b )  Where  shear  reinforcement  is  required  by  paragraph  ( 1 ) ,  or  by  analysis, 
the  area  provided  shall  not  be  less  than 

Av3=60  bws/fy  (2U2) 

where  bw   and  s  are  in  inches. 

(c)  Minimum  shear  reinforcement  requirements  may  be  waived  if  it  is  shown 
by  test  that  the  required  ultimate  flexural  and  shear  strength  can  be  developed 
when  shear  reinforcement  is  omitted. 

2.10.2  Types  of  Shear  Reinforcement 

(a)  Shear  reinforcement  may  consist  of: 

( 1 )  Stirrups  perpendicular  to  axis  of  member  or  making  an  angle  of  45-deg 
or  more  with  the  longitudinal  tension  reinforcement. 

(2)  Welded  wire  fabric  with  wires  located  perpendicular  to  axis  of  member. 

(3)  Longitudinal  bars  with  a  bent  portion  making  an  angle  of  30-deg  or 
more  with  the  longitudinal  tension  bars. 

(4)  Combinations  of  stirrups  and  bent  bars. 

(5)  Spirals. 

(b)  Shear  reinforcement  shall  be  anchored  at  both  ends  in  accordance  \\ith 
requirements  of  Article  2.21. 

2.10.3  Spacing  of  Shear  Reinforcement 

Where  shear  reinforcement  is  required  and  is  placed  perpendicular  to  a.\is  of 
member,  it  shall  be  spaced  not  further  apart  tlian  0.50d,  but  not  more  than  24  in. 
Inclined  stirrups  and  l>ent  bars  shall  be  so  spaced  that  every  45-deg  line,  extend- 
ing toward  the  reaction  from  the  mid-depth  of  the  member,  O.SOd,  to  the  longi- 
tudinal  tension  bars,   shall  be  crossed  by  at  least  one  line  of  shear  reinforcement. 
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2.11  LIMITS  FOR  REINFORCEMENT  OF 
COMPRESSION  MEMBERS 

2.11.1  Longitudinal  Reinforcement 

(a)  Longitudinal  reinforcement  for  compression  members  shall  not  be  less 
than  0.01  nor  more  than  0.08  times  the  gross  area  Aj  of  the  section.  The  minimum 
number  of  longitudinal  reinforcing  bars  shall  be  six  for  bars  in  a  circular  arrange- 
ment and  four  for  bars  in  a  rectangular  arrangement.  The  minimum  size  of  bar 
shall  be  #5. 

(b)  In  a  compression  member  which  has  a  larger  cross  section  tlian  required 
by  consideration  of  loading,  a  reduced  effective  area  of  not  less  than  3:  the  total 
area  Ag  may  be  used  for  determining  minimum  longitudinal  reinforcement. 

2.11.2  Lateral  Reinforcement 

(a)  Spirals.  Spiral  reinforcement  for  compression  members  shall  conform  to 
the  following: 

( 1 )  Spirals  shall  consist  of  evenly  spaced  continuous  bar  or  wire,  witli  a 
minimvun  diameter  of  %  in. 

(2)  Ratio  of  spiral  reinforcement  Ps  shall  not  be  less  than  the  value  given  by 

..  =  0.45(|-:-l)if  («) 

where  fy  is  the  specified  yield  strength  of  spiral  reinforcement  but  not 
more  than  60,000  psi. 

(3)  Clear  spacing  between  spirals  shall  not  exceed  3  in.  nor  be  less  than  VA 
in.  or  2  times  the  maximum  size  of  coarse  aggregate  used. 

(4)  Anchorage  of  spiral  reinforcement  shall  be  provided  by  Ih  extra  turns 
of  spiral  bar  or  vdre  at  each  end  of  a  spiral  imit. 

(5)  Spirals  shall  extend  from  top  of  footing  or  other  support  to  le\el  of 
lowest  horizontal  reinforcement  in  members  supported  above. 

(6)  Splices  in  spiral  reinforcement  shall  be  lap  splices  of  48  bar  or  wire 
diameters  but  not  less  than  12  in.,  or  welded. 

(7)  Spirals  shall  be  of  such  size  and  so  assembled  to  permit  handling  and 
placing  without  distortion  from  designed  dimensions. 

(8)  Spirals  shall  be  held  firmly  in  place  by  attachment  to  the  longitudinal 
reinforcement  and  true  to  line  by  vertical  spacers. 

(b)  Ties.  Tie  reinforcement  for  compression  members  shall  conform  to  the 
following: 

(1)  All  bars  shall  be  enclosed  by  lateral  ties,  at  least  #3  in  size  for  longi- 
tudinal bars  #10  or  smaller,  and  at  least  #4  in  size  for  #11,  -fH,  .;:1S, 
and  bundled  longitudinal  bars.  Deformed  wire  or  welded  w  ire  fabric  of 
equivalent  area  may  be  used. 

(2)  Vertical  spacing  of  ties  shall  not  exceed  the  least  dimension  of  the  com- 
pression member  or  12  in.  When  bars  larger  than  #10  are  bundled 
more  than  two  in  any  one  bundle,  tie  spacing  shall  be  one-half  that 
specified  abo\e. 
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(3)  Ties  shall  be  located  vertically  not  more  than  half  a  tie  spacing  above 
the  footing  or  other  support  and  shall  be  spaced  as  provided  herein  to 
not  more  than  half  a  tie  spacing  below  the  lowest  horizontal  reinforce- 
ment  in   members   supported   abo\e. 

(4)  At  each  tie  location,  the  lateral  ties  shall  be  so  arranged  that  no  longi- 
tudinal bar  is  farther  than  2  ft  on  either  side  along  the  tie  from  a  bar 
with  lateral  support  pro\  ided  by  die  comer  of  a  tie  having  an  included 
angle  of  not  more  than  135  degrees.  Where  longitudinal  bars  are  located 
around  the  perimeter  of  a  circle,  a  complete  circular  tie  may  be  used. 

(c)  In  a  compression  member  which  has  a  larger  cross  section  than  required 
by  conditions  of  loading,  the  lateral  reinforcement  retiuirenients  may  l>e  waived 
where  structural  analysis  or  tests  show  adequate  strength  and  feasibility  of 
construction. 

(d)  In  seismic  areas,  where  an  earthquake  of  such  magnitude  as  to  cause 
major  damage  to  construction  has  a  high  probability  of  occurrence,  lateral  reinforce- 
ment for  cohunn  piers  shall  be  designed  and  detailed  to  provide  adetjuate  strength 
and  ductility  to  resist  anticipated  seisnnc  movements. 

2.12  SHRINKAGE  AND  TEMPERATURE  REINFORCEMENT 

Reinforcement  for  shrinkage  and  temperature  stresses  shall  be  provided  near 
exposed  surfaces  of  walls  and  slabs  not  otherwise  reinforced.  The  total  area  of 
reinforcement  provided  shall  be  at  least  '4  sq.  in.  per  foot  measured  in  the  direction 
perpendicular  to  the  direction  of  the  reinforcement  and  be  spaced  not  farther  apart 
than  three  times  the  wall  or  slab  thickness,  nor  18  in. 

DEVELOPMENT  AND  SPLICES  OF  REINFORCEMENT 

2.13  DEVELOPMENT  REQUIREMENTS 
2.13.1   General 

(a)  The  calculated  tension  or  compression  in  the  reinforcement  at  each  sec- 
tion shall  be  de\eloped  on  each  side  of  that  section  by  embedment  length  or  end 
anchorage  or  a  combination  thereof.  P'or  bars  in  tension,  hooks  may  be  used  in 
developing  the  bars. 

(b)  Tension  reinforcement  may  be  anchored  by  bending  it  across  tlie  web  and 
making  it  cxintinuous  with  the  reinforcement  on  the  opposite  face  of  the  member, 
or  anchoring  it  there. 

(c)  Critical  sections  for  development  of  reinforcement  in  flexural  members 
are  at  points  of  maximum  stress  and  at  points  within  the  span  where  adjacent 
reinforcement  tenninates,  or  is  bent.  The  provisions  of  Article  2.13.2  (c)  must 
also  be  satisfied. 

(d)  Reinforcement  shall  extend  beyond  the  point  at  which  it  is  no  longer 
recjuired  to  resist  flexure  for  a  distance  etiual  to  the  effective  depth  of  the  member, 
15  bar  diameters,  or  1/20  of  the  clear  span,  whichever  is  greater,  except  at  sup- 
ports of  simple  spans  and  at  the  free  cml  of  cantilevers. 

(e)  Continuing  reinforcement  shall  have  an  embedment  length  not  less  than 
the  development  length  X,i  beyond  the  point  where  bent  or  terminated  tension 
reinforcement   is  no  longer  required  to  resist  flexure. 
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( f )  Flexural  reinforcement  located  within  the  width  of  a  member  used  to 
compute  the  shear  strength  shall  not  be  tenninated  in  a  tension  zone  unless  one  of 
the  following  conditions  is  satisfied. 

( 1 )  Shear  at  the  cutoff  point  does  not  exceed  one-half  that  permitted,  in- 
cluding the  shear  strength  of  furnished  shear  reinforcement. 

(2)  Stirrup  area  in  excess  of  that  required  for  shear  is  provided  along  each 
terminated  bar  over  a  distance  from  the  termination  point  equal  to  three- 
fourths  the  effective  depth  of  the  member.  The  excess  stirrups  shall  be 
proportioned  such  that  their  (Av/bws)f,  is  not  less  than  60  psi.  The 
resulting  spacings  shall  not  exceed  d/8/3,,  where  )3,,  is  the  ratio  of  the 
area  of  bars  cut  off  to  the  total  area  of  bars  at  the  section. 

( 3 )  For  #11  and  smaller  bars,  the  continuing  bars  provide  double  the  area 
required  for  flexure  at  the  oitoff  point  and  the  shear  does  not  exceed 
three-fourths  that  peniiitted. 

2.13.2  Positive  Moment  Reinforcement 

At  least  one-half  the  positi\  e  moment  reinforcement  in  simple  members  and  one- 
fourth  the  positive  moment  reinforcement  in  continuous  members  shall  extend  along 
the  same  face  of  the  member  into  the  support.  In  beams,  such  reinforcement  shall 
extend  into  the  support  a  distance  of  12  or  more  bar  diameters,  or  shall  be  ex- 
tended as  far  as  possible  into  the  support  and  terminated  in  standard  hooks  or 
other  adequate  anchorage. 

( b )  When  a  flexural  member  is  part  of  the  lateral  load  resisting  system,  the 
positive  reinforcement  required  to  be  extended  into  the  support  by  paragraph  (a) 
above  shall  be  anchored  to  develop  the  full  fy  in  tension  at  the  face  of  the  support. 

(c)  At  .simple  supports  and  at  points  of  inflection,  positi\e  moment  tension 
reinforcement  shall  be  limited  to  a  diameter  such  that  ^,i  computed  for  f,  b\ 
Article  2.14  does  not  exceed 

M/V  +  K 

where  M  is  the  computed  moment  capacity  assuming  all  positixe  moment  tension 
reinforcement  at  the  section  to  be  fully  stressed.  V  is  the  maximum  applied  design 
shear  at  the  section.  X;,  at  a  support  shall  be  the  sum  of  the  embedment  length 
beyond  the  face  of  the  support  and  tlie  equivalent  embedment  length  of  any 
furnished  hook  or  mechanical  anchorage,  ^a  at  a  point  of  inflection  shall  be  lim- 
ited to  the  effective  depth  of  the  member  of  12dij,  whiche\er  is  greater.  The 
value  M/V  in  the  de\'elopment  length  limitation  may  be  increased  30  percent 
when  the  ends  of  the  reinforcement  are  confined  by  a  compressive  reaction. 

2.13.3  Negative  Moment  Reinforcement 

(a)  Tension  reinforcement  in  a  continuous,  restrained,  or  cantilever  member, 
or  in  any  member  of  a  rigid  frame,  shall  be  anchored  in  or  through  the  supporting 
member   by  embedment   length,   hooks,   or  mechanical   anchorage. 

(b)  Negative  moment  reinforcement  shall  ha\e  an  embedment  length  into 
the  span  as  required  by  Articles  2.13.1   (a)   and  2.13.1   (d). 

(c)  At  least  one-third  the  total  reinforcement  provided  for  negative  moment 
at  the' support  shall  have  an  embedment  length  be\ond  the  point  of  inflection  not 
less  than  the  eflective  depth  of  the  member,  12  bar  diameters,  or  one-si.\teentli  of 
the  clear  span,  whiche\er  is  greater. 
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2.13.4  Special  Members 

Adeciuate  end  anchorage  shall  he  provided  for  tension  reinforcement  in  flexural 
members  where  reinforcement  stress  is  not  directly  proportional  to  moment,  such 
as:  sloped,  stepped,  or  tapered  footings;  brackets;  deep  beams;  or  members  in 
which   the   tension  reinforcement  is  not  parallel  to   the  compression  face. 

2.14  DEVELOPMENT  LENGTH  OF  DEFORMED  BARS 
AND  DEFORMED  WIRE  IN  TENSION 

Development  length  X,i,  in  inches,  of  deformed  bars  and  deformed  wire  in 
tension  shall  be  computed  as  the  product  of  the  basic  development  length  of  ( 1 ) 
and  the  applicable  modification  factor  or  factors  of  (2),  (3),  and  (4),  but  ^.i 
shall   be   not  less   than   that  specified  in    (5). 

(a)  The  basic  development  length  shall  be: 

For  #11  or  smaller  bars   0.04A,i,v/  V'K" 

but  not  less  than    0.0004d,,f,'' ' 

For   #14  bars    0.085f,/  Vf%"° 

For  #18  bars    O.llfy/ Vl^"* 

For  deformed  wire    O.O.Sdiiy/  V  i'r 

(b)  The  basic  development  length  shall  be  multiplied  by  a  factor  of  1.4  for 
top  reinforcement.*""*" 

(c)  When  lightweight  aggregate  concrete  is  used,  the  basic  development 
lengths  in  (1)  shall  be  multiplied  by  1.18,  or  the  basic  development  length  may 
be  multiplied  by  6.7Vf'o/f,t,  but  not  less  than  1.0,  when  fit  is  specified.  The  fac- 
tors of  (b)   and   (d)   shall  also  be  applied. 

(d)  The  basic  development  length  may  be  multiplied  by  the  applicable  fac- 
tor or  factors  for: 

Reinforcement  being  developed  in  length  under  consideration  and  spaced 
laterally  at  least  6  in.  on  center  with  at  least  3  in.  clear  from  face  of  member  to 
edge  bar,   measured   in   the  direction  of  the  spacing    0.8 


or  greater 


"The   consti'.nt   carries  the   uiiit   of    1/in. 
°  °  The   constant   carries   the   unit   of   in. -/lb. 
"'"The   constant   carries   the   unit  of   in. 
oooo-j-Qp     reinforcement     is    horizontal     reinforcement    so    placet!    that    luore    than     12     in. 
concrete   is   cast    in   the   member  below   the  bar. 
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Bars   enclosed   within   a   spiral   which   is  not  less   than   }*  in.   diameter  and 
not  more  than  4  in.  pitch    0.75 

(e)  The  development  length  X,i  shall  be  taken  as  not  less  than  12  in.  except 
in  the  computation  of  lap  splices  by  Article  2.22.2  and  anchorage  of  shear  rein- 
forcement by  Article  2.21. 

2.15  DEVELOPMENT  LENGTH  OF  DEFORMED 
BARS  IN  COMPRESSION 

The  development  length  Xj  for  bars  in  compression  shall  be  computed  as 
0.02  iydn/y/Yc  but  shall  not  be  less  than  0.0003  fvd,,  or  8  in.  Where  excess  bar 
area  is  provided  the  X,,  length  may  be  reduced  by  the  ratio  of  required  area  to  area 
provided.  The  development  length  may  be  reduced  2.5  percent  when  the  reinforce- 
ment is  enclosed  by  spirals  not  less  than  H  in.  in  diameter  and  not  more  than  4  in. 
pitch. 

2.16  DEVELOPMENT  LENGTH  OF  BUNDLED  BARS 

The  development  length  of  each  bar  of  bundled  bars  shall  be  that  for  the 
individual  bar,  increased  by  20  percent  for  a  three-bar  bundle,  and  33  percent  for 
a  four-bar  bundle. 

2.17  STANDARD  HOOKS 

( a )  Standard  hooks  shall  be  considered  to  develop  a  tensile  stress  in  bar  rein- 
forcement fh  =  IVf'c   where  ^  is  not  greater  than  the  ^alues  in  Table  2.17. 

(b)  An  equivalent  embedment  length  ^e  shall  be  computed  using  the  provi- 
sions of  Article  2.14(1)  by  substituting  fh  for  fy  and  Xe  for  ^d. 

(c)  Hooks  shall  not  be  considered  effective  in  adding  to  the  compressive 
resistance  of  reinforcement. 

TABLE  2.17—?  Values 


fy 

=  60  ksi 

f ,  =  40  ksi 

Bar  Size 

Top  Bars 

Other  Bars 

All  Bars 

#3  to  #5 

540 

540 

360 

#6 

450 

540 

360 

#7  to  #9 

360 

540 

360 

#10 

360 

480 

360 

#11 

360 

420 

360 

#14 

330 

330 

330 

#18 

220 

220 

220 

2.18  COMBINATION  DEVELOPMENT  LENGTH 

Dexelopmcnt  length  X,i  may  consist  of  a  combination  of  the  equi\alent  embed- 
ment length  ^,.  of  a  hook  or  mechanical  anchorage  plus  additional  embedment 
length   of   till'   icinfortt-mcnt   measured  from  the  point  of  tangency  of  the  h(K>k. 
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2.19  DEVELOPMENT  OF  WELDED  WIRE  FABRIC  IN  TENSION 

2.19.1  Defonned  Wire  Fabric 

(a)  De\elopment  length  K,  in  inches,  of  welded  deformed  wire  faliric  meas- 
ured from  point  of  critical  section  to  end  of  wire  shall  be  computed  as  the  product 
of  the  ba-sic  development  lenj^th  of  Paragraph  (b)  or  (c)  and  applicable  modifica- 
tion factor  or  factors  of  Article  2.14  (b),  (c)  and  (d);  but  K  shall  not  be  less 
tlian  8  in.  except  in  computation  of  lap  splices  by  Article  2.22.6  and  development 
of  shear  reinforcement  by  Article  2.21. 

(b)  Basic  development  length  of  welded  deformed  wire  fabric,  with  at  least 
one  cross  wire  within  the  development  length  not  less  than  2  in.  from  point  of 
critical  section,  shall  be 

0.003d„  ( f y  -  20,000 )  /  Vl^  ' 
l)ut  not  less  than 

0.20   ^    '-^ 

Sw         Vf'e 

(c^  Basic  development  length  of  welded  deformed  wire  fal)ric,  with  no  cross 
wires  within  the  development  length,  shall  be  determined  as  for  deformed  wire. 

2.19.2  Smooth  Wire  Fabric 

Yield  strength  of  welded  smooth  wire  fabric  shall  be  considered  developed  by 
embedment  of  two  cross  wires  with  the  closer  cross  wire  not  less  tlian  2  in.  from 
point  of  critical  section.  However,  development  length  X^  measured  from  point  of 
critical  section  to  outermost  cross  wire  shall  not  be  less  than 

0.27  ^:^~_- 
s«.     V  t',. 

modified   by   factor  of  Article   2.14    (c)    for  lightweight  aggregate   concrete,  but  ^<i 
shall  not  be  less  than  6  in.  except  in  computation  of  lap  .splices  by  Article  2.22  (G). 

2.20  MECHANICAL  ANCHORAGE 

Any  mechanical  device  capable  of  developing  the  strength  of  the  reinforce- 
ment  without  damage   to  the   concrete   may  he   used  as  anchorage. 

2.21  ANCHORAGE  OF  SHEAR  REINFORCEMENT 

( a )  Shear  reinforcement  shall  extend  to  a  distance  d  from  the  extreme  com- 
pression fiber  and  shall  be  carried  as  close  to  the  compression  and  tension  surfaces 
of  the  member  as  cover  requirements  and  the  proximity  of  other  reinforcement 
permit.  Shear  reinforcement  shall  be  anchored  at  both  ends  for  its  design  yield 
strength. 

(b)  The  ends  of  single  leg,  single  U-,  or  multiple  U-stirrups  shall  he  anchored 
by   one  of   the   following  means: 

(  1 )  A  standard  hook  plus  an  ciicctive  embedment  of  0.5  '\,i.  Tlie  effective 
embe<lment  of  a  stirrup  leg  shall  be  taken  as  the  distance  between  tlie  mid- 
depth  of  the  member  d/2  and  the  start  of  the  h(K)k   (point  of  tangency). 

(2)    Eml)edment    above    or   below    the    mid-depth    (1/2   of   the   member  on 


•  The   20,000  has  units  of  psi. 
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the  compression  side  for  a  full  development  length  K  hut  not  less  than  24  bar 
diameters  or,  for  defonned  bars  or  deformed  wire,   12  in. 

(3)  For   #5   bar  and   D31   wire,  and  smaller,  bending  around  the  longi- 
tudinal  reinforcement   through  at  least   135  deg. 

( 4 )  For  each   leg   of  welded   plain   wire  fabric   forming   single   U-stimips, 
either: 

(A)  Two  longitudinal  wires  running  at  a  2  in.  spacing  along  the  beam  at 
the  top  of  the   U. 

{ B )  One  longitudinal  wire  not  more  than  d/4  from  the  compression  fac-e  and 
a  second  wire  closer  to  the  compression  face  and  spaced  at  least  2  in. 
from  the  first.  The  second  wire  may  be  beyond  a  bend  or  on  a  bend 
which   has   an   inside   diameter  of  at   least   8  wire   diameters. 

(c)  Pairs  of  U-stirrups  or  ties  so  placed  as  to  form  a  closed  unit  shall  be 
considered  properly  spliced  when   the  laps  are  1.7   ^a. 

(d)  Between  the  anchored  ends,  each  bend  in  the  continuous  portion  of  a 
transverse   single   U-   or   multiple   U-stirrup   shall   enclose   a   longitudinal  bar. 

( e )  Longitudinal  bars  bent  to  act  as  shear  reinforcement  shall,  in  a  region  of 
tension,  be  continuous  with  the  longitudinal  reinforcement  and  in  a  compression 
zone  shall  be  anchored,  above  or  below  the  mid-depth  d/2  as  specified  for  develop- 
ment length  in  Article  2.14  for  that  part  of  the  stress  in  the  reinforcement  needed 
to  satisfy  Eq.   (.5-6)   or  Eq.   (6-25). 

2.22  SPLICES  OF  REINFORCEMENT 

Splices  of  reinforcement  shall  be  made  only  as  shown  on  design  drawings,  or 
as  specified,   or  as  authorized  by  the  engineer. 

2.22.1  Lap  Splices 

(a)  Lap   splices   shall   not  be   used   for   bars  larger   than    #11. 

( b )  Lap  splices  of  bundled  bars  shall  be  based  on  the  lap  splice  length  re- 
quired for  individual  bars  within  a  l:)undle,  increased  20  percent  for  a  3-bar 
bundle  and  33  percent  for  a  4-bar  Ijundle.  Individual  bar  splices  within  a  bmidle 
shall  not  overlap. 

(c)  Bars  spliced  by  noncontact  lap  splices  in  flexural  members  shall  not  be 
spaced  transversely  farther  apart  than   1/5  the  required  lap  splice  length,  nor  6  in. 

2.22.2  Welded  Splices  and  Mechanical  Connections 

(a)  Welded  splices  and  other  mechanical  connections  may  be  used.  Except 
as  provided  herein,  all  welding  shall  conform  to  "Reinforcing  Steel  Welding  Code" 
(AWS   D12.1). 

(b)  A  full  welded  splice  shall  have  bars  hutted  and  welded  to  develop  in 
tension  at  least   125  percent  of  specified  \ield  strength  f,   of  the  bar. 

(c)  A  full  mechanical  connection  shall  develop  in  tension  or  compression, 
as  required,  at  least   125  perc^ent  of  specified  yield  strength  f,   of  the  bar. 

(d)  Welded  splices  and  mechanical  connections  not  meeting  requirements  of 
Paragraph   (2)    or   (3)   may  be  used   in  accordance  with  Article  2.22.3   (d). 
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2.22.3  Splices   of   Deformed   Bars   and   Deformed   Wire   in   Tension 

(a)  Minimum  lenj^tli  of  lap  for  tension  lap  splices  shall  \^  as  required  for 
Class  A,  B,  or  C  splice,  ])ut  not  less  than   12  in.,  where: 

Class  A  splice   l.()>^a 

Class  B  splice    1.3X,. 

Class  C  splice   1.7^d 

where   K   is   the   tensile   development   length    for   the   specified   yield   strength   f,    in 
accordance  with  Article  2.14. 

(b)  Lap  splices  of  defoiTned  bars  and  deformed  wire  in  tension  shall  con- 
fonn  to  Table  2.22. 

TABLE  2.22— TENSION  LAP  SPLICES 

Maximum  percent  of  As  spliced  within 
(A»  provided/ As  required)  required  lap  length 

50  75  100 

equal  to  or  greater  than  2  Class  A  Class  A  Class  B 

less  than  2  Class  B  Class  C  Class  C 

°  Ratio   of   area   of   reinforcement   provided   to   area   of   reinforcement   required   by 
analysis  at  splice  location. 

(c)  Welded  splices  or  mechanical  connections  used  where  area  of  reinforce- 
ment provided  is  less  than  twice  that  required  by  analysis  shall  meet  requirements 
of   Article  2.22.2    (b)    or   (c). 

(d)  Welded  splices  or  mechanical  connections  used  where  area  of  reinforce- 
ment provided  is  at  least  twice  that  required  by  analysis  shall  meet  the  following: 

( 1 )  Splices  shall  be  staggered  at  least  24  in.  and  in  such  manner  as  to  de- 
velop at  every  section  at  least  twice  the  calculated  tensile  force  at  that 
section  but  not  less  than  20,000  psi  for  total  area  of  reinforcement 
provided. 

(2)  In  computing  tensile  force  developed  at  each  section,  spliced  reinforce- 
ment may  be  rated  at  the  specified  splice  strength.  Unspliced  reinforce- 
ment shall  be  rated  at  that  fraction  of  fy  defined  by  the  ratio  of  the 
shorter  actual  development  length  to  ^.i  required  to  develop  the  six'cified 
yield  strength  fy. 

(e)  Splices  in  "tension  tie  members"  shall  be  made  with  a  full  welded  splice 
or  full  mechanical  connection  and  be  staggered  at  least   1.7  X,i. 

2.22.4  Splices  of  Deformed  Bars  in  Compression 

(a)  Minimum  length  of  lap  for  compression  lap  splices  sliall  Ix"  ().0005fydi,,  in 
inches,  but  not  less  than  12  in.  For  f'..  le.ss  than  3000  psi,  length  of  lap  shall  be 
increased  by   1/3. 

(b)  In  tied  reinforced  compression  members,  where  ties  thiowghoiit  the  lap 
splice  length  have  an  effective  area  not  less  than  0.0015hs,  lap  splice  length  ma\- 
be  multiplied  by  0.83,  but  lap  length  shall  not  be  less  than  12  in.  Tie  legs  perix-n- 
dicular  to  dimension  h  shall  be  used  in  determining  effective  area. 

(c)  In  spirally  reinforced  compression  members,  lap  splice  length  of  bars 
witliin  a  spiral  may  be  multiplied  by  0.75,  but  lap  length  shall  not  be  less  than  12. 
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(d)  Welded  splices  or  mechanical  connections  used  in  compression  shall  meet 
requirements  of  Article  2.22.2   (b)   or  (c). 

2.22.5  End  Bearing  Splices 

In  bars  required  for  compression  only,  compressive  stress  may  be  transmitted 
by  bearing  of  square  cut  ends  held  in  concentric  contact  by  a  suitable  device.  Bar 
ends  shall  tenninate  in  flat  surfaces  within  V/i  deg  of  a  right  angle  to  the  axis  of 
the  bars  and  shall  be  fitted  within  3  deg  of  full  bearing  after  assembly.  End  bear- 
ing .sphc-es  shall  be  used  only  in  members  containing  closed  ties,  closed  stirrups,  or 
spirals. 

2.22.6  Splices  of  Welded  Deformed  Wire  Fabric  in  Tension 

(a)  Minimum  length  of  lap  for  lap  splices  of  welded  deformed  wire  fabric 
measured  between  the  end  of  each  fabric  sheet  shall  not  be  less  than  1.7  ^d  nor 
8  in.,  and  the  overlap  measured  between  outermost  cross  wires  of  each  fabric 
sheet  shall  not  be  less  than  2  in.  ^a  shall  be  the  development  length  for  the  speci- 
fied yield  strength  f,-  in  accordance  with  Article  2.19   (1). 

( b  I  Lap  splices  of  welded  deformed  wire  fabric,  with  no  cross  wires  within 
the   lap   splice   length,   shall   be   determined   as   for   deformed   wire. 

2.22.7  Splices  of  Welded  Smooth  Wire  Fabric  in  Tension 

Minimum  length  of  lap  for  lap  splices  of  welded  smooth  wire  fabric  shall  be 
in  accordance  with  the  following: 

(a)  When  area  of  reinforcement  pro\ided  is  less  than  twice  that  required 
by  analysis  at  splice  location,  length  of  overlap  measured  between  outermost 
cross  wires  of  each  fabric  sheet  shall  not  be  less  than  one  spacing  of  cross 
wire  plus  2  in.,  nor  less  than  1.5  ^,i,  nor  6  in.  ^.i  shall  be  die  development 
length  for  the  specified  yield   strength  f,   in   accordance  with  Article  2.19.2. 

(b)  When  area  of  reinforcement  provided  is  at  least  twice  that  required 
by  analysis  at  splice  location,  length  of  overlap  measured  between  outermost 
cross  wires  of  each  fabric  sheet  shall  not  be  less  than  1.5  ^,i,  nor  2  in.  \i 
shall  be  the  development  length  for  the  specified  yield  strength  fy  in  accord- 
ance  with   .Article  2.19.2. 

ANALYSIS  AND  DESIGN— GENERAL  CONSIDERATIONS 

2.23  ANALYSIS  METHODS 

2.23.1  General 

(a)  All  members  of  continuous  and  rigid  frame  structures  shall  be  designed 
for  the  maximum  effects  of  the  loads  specified  in  Article  2.2.3  as  detennined  b\ 
the  theorv'  of  elastic  analysis. 

(b)  Consideration  shall  be  given  to  the  eflects  of  forces  due  to  shrinkage, 
temperature   changes,   creep,   and   unequal   settlement   of  supports. 

2.23.2  Expansion  and  Contraction 

(a)  In  general,  pro\ision  for  temperature  changes  shall  be  made  in  simple 
spans   when   the   span  length  exceeds  40  ft. 

(b)  In  continuous  bridges,  provision  shall  be  made  in  the  design  to  resist 
thermal    stresses    induced    or    means    shall    be    pro\idcd    for    mo\ement    caused    by 

temperature  cliaiiges. 
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(c)  Movements  not  otherwise  provided  for  shall  be  pro\ided  by  rockers,  slid- 
ing  plates,   elastomeric  pads  or   otlier  means. 

2.23.3  Stiffness 

( a )  Any  reasonable  assinnptions  may  be  adopted  for  computing  the  relative 
Hexural  and  torsional  stiffnesses  of  continuous  and  rigid  frame  members.  The  assump- 
tions made  shall  be  consistent  throughout  the  analysis. 

(b)  Effect  of  haunches  shall  be  considered  both  in  determining  moments  and 
in  design  of  memlx»rs. 

2.23.4  Modulus  of  Elasticity 

(a)  Modulus  of  elasticity  Ec  for  concrete  may  be  taken  as  w.l.Sx; Vf'c,  in  p.si, 
for  values  of  w^.  between  90  and  155  lb  per  cu  ft.  For  normal  weight  concrete 
{w,   =  145  pcf),  E,-  may  be  considered  as  57,000  Vf'i. 

(b;  Modulus  of  elasticity  of  nonprestressed  steel  reinforcement  may  be  taken 
as  29,000.000  psi. 

2.23.5  Thermal  and  Shrinkage  Coefficients 

( a )  Thermal  coefficient  for  normal  weight  concrete  may  be  taken  as  0.000006 
per  deg  F. 

(b)  Shrinkage  coefficient  for  normal  weight  concrete  may  be  taken  as  0.0002. 

(c)  Thermal  and  shrinkage  coefficients  for  lightweight  concrete  shall  be  deter- 
mined for  the  type  of  lightweight  aggregate  used. 

2.23.5  Span  Length 

(a)  Span  length  of  members  not  built  integrally  with  supports  shall  be  con- 
sidered the  clear  span  plus  depth  of  member,  but  need  not  exceed  distance  between 
centers  of  supports. 

(b)  In  analysis  of  continuous  and  rigid  frame  members,  center-to-center 
distances  shall  be  used  in  the  determination  of  moments.  Moments  at  faces  of 
support  may  be  used  for  memjjer  design.  When  fillets  making  an  angle  of  45  deg 
or  more  with  the  axis  of  a  continuous  or  restrained  member  are  built  monolithic 
with  the  member  and  support,  face  of  support  shall  be  considered  at  a  section 
where  the  combined  depth  of  the  member  and  fillet  is  at  least  one  and  one-half 
times  the  thickness  of  the  member.  No  portion  of  a  fillet  shall  be  considered  as 
adding  to  the  effective  depth. 

(c)  Effective   span   length   of  slabs   shall   be   as   follows: 

(1)  Slabs   monolithic   with   beams   or  walls    (without   haunches),   S   ^   clear 
span. 

(2)  Slabs  supported  on  steel  stringers,  S  =  distance  between  edges  of  flanges 
plus  /2  the  stringer  flange  width. 

2.23.7  Computation  of  Deflections 

(a)  Where  deflections  are  to  be  computed,  they  shall  l)e  based  on  the  cro.ss 
sectional  properties  of  the  entire  superstructure  section  except  railings,  curbs,  side- 
\\alks  or  any  element  not  placed  monolithically  with  the  superstnicture  section 
before  falsework  removal.  Deflections  of  composite  members  shall  take  into  account 
.shoring  during  erection,  differential  shrinkage  of  the  elements  and  the  maginttide 
and   duration  of  load  prior  to  the  beginning  of  edective  composite  action. 

(b)  Computation  of  live  load  deflection  may  be  i)ased  on  the  assumption  that 
the  superstructiue  flexural  members  act  together  and  luue  e(iual  deflection.  The  Ii\e 
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loading  shall   consist  of  all   tracks   loaded   as  specified  in   Article  2.2.3(c).  The  live 
loading  shall  be  considered  uniformly  distributed  to  all  longitudinal  flexural  members. 

( c )  Computation  of  Immediate  Deflection 

Deflections  that  occur  immediately  on  application  of  load  .shall  be  computed 
by  the  usual  methods  of  formulas  for  elastic  deflections.  Unless  values  are  obtained 
by  a  more  comprehensive  analysis,  deflections  shall  be  computed  taking  the  modulus 
of  elasticity  for  concrete  as  specified  in  Article  2.23.4(a)  for  normal  weight  or 
lightweight  concrete  and  taking  the  effective  moment  of  inertia  as  follows,  but  not 
greater  than  Ig. 

'•  =  (^)'  ■'  +  ['-^'  ]'" 

where 

Mc..  =  i^  (2^) 

yt 

and  fr  =  modulus  of  rupture  of  concrete  specified  in  Article  2.26.1(a). 

For  continuous  spans,  the  effective  moment  of  inertia  may  be  taken  as  the 
average  of  the  values  obtained  from  Eq.  ( 2-4 )  for  the  critical  positi\e  and  negative 
moment  sections. 

(d)  Computation  of  Long-time  Deflection 

Unless  values  are  obtained  by  more  comprehensive  analysis,  the  additional 
longtime  deflection  for  both  normal  weight  and  lightweight  concrete  flexural  mem- 
bers shall  be  obtained  by  multiplying  the  immediate  deflection  caused  by  the 
sustained  load  considered,  computed  in  accordance  with  paragraph  ( 3 )  above,  by 
the  factor 


(^--^) 


0.6 


2.23.8  Bearings 

Bearing  devices  shall  be  designed  in  accordance  with  Chapter  8,  Part  18  or 
Chapter  15,  Part  1.  Bearing  stresses  in  concrete  shall  not  exceed  the  \alues  given 
in  Article  2.26  or  2.36. 

2.23.9  Composite  Concrete  Flexural  Members 

(a)  Application 

Composite  flexural  members  consist  of  concrete  elements  constructed  in  separate 
placements    but    so    interconnected    that    the    elements    respond    to    loads    as    a    unit. 

(b)  Ceneral  Considerations 

( 1 )  The  total  depth  of  the  composite  member  or  portions  thereof  ma\-  be 
used  in  resisting  the  shear  and  the  lx?nding  moment.  The  individual 
elements  shall  be  investigated  for  all  critical  stages  of  loading. 

(2)  If  the  specified  strength,  unit  weight,  or  other  properties  of  tiie  various 
components  are  different,  the  properties  of  the  individual  components, 
or  the  most  critical  \alues,  shall  be  used  in  design. 

( 3 )  In  calculating  the  flexural  strength  of  a  composite  member  by  loiid  fac- 
tor design,  no  distinction  shall  l>e  made  between  shored  and  unshored 
meml>ers. 

(4)  All  elements  shall  lie  designed  to  support  all  loads  intrcxluced  prior  to 
the  full  de\elopment  of  the  design  strength  of  the  composite  meml^er. 

(5)  Reinforcement  shall  be  provided  as  necessaiy  to  control  cracking  and  to 
pre\ent  separation  of  the  components. 
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(c)  Shoring 

When  used,  shorini^  shall  iK)t  be  remoNed  until  the  supported  elements  have 
developed  the  design  properties  required  to  support  all  loads  and  hinit  cleHections 
and  cracking  at  the  time  of  shoring  renunal. 

(d)  Vertical  Shear 

( 1 )  When  the  total  depth  of  the  composite  member  is  assumed  to  resist  the 
vertical  shear,  the  design  shall  be  in  accordance  with  the  requirements 
of  Article  2.29  or  Article  2.35  as  for  a  monolithically  cast  member  of 
the   same   cross-sectional   shape. 

(2)  Shear  reinforcement  shall  be  fully  anchored  in  accordance  with  Article 
2.21.  E.\tended  and  anchored  shear  reinforcement  may  be  included  as 
ties  for  horizontal  shear. 

(e)  Horizontal  Shear 

In  a  composite  member,  full  transfer  of  the  shear  forces  shall  be  assured  at 
the  interfaces  of  the  separate  components.  Design  for  horizontal  shear  shall  be  in 
accordance   with   the   requirements   of  Article   2.29.5   or  Article   2.35.5. 

2.23.9  T-Girder  Construction 

(a)  In  T-girder  construction,  the  girder  web  and  slab  .shall  be  built  integrally 
or  otherwise  effecti\'ely  bonded  together.  Full  transfer  of  shear  forces  shall  be 
assured  at  the  interface  of  web  and  slab.  WTiere  applicable,  the  design  requirements 
of  Article  2.23.8  for  composite  concrete  members  shall  apply. 

( b )  Compression  Flange  Width 

( 1 )  The  effective  slab  width  acting  as  a  T-girder  flange  shall  not  exceed  one- 
fourth  of  the  span  length  of  the  girder,  and  its  overhanging  width  on 
eitlijer  side  of  the  girder  shall  not  exceed  six  times  the  thickness  of  the 
slab  nor  one-half  the  clear  distance  to  the  next  girder. 

(2)  For  girders  having  a  slab  on  one  side  only,  the  effective  o\erhanging 
flange  width  shall  not  exceed  1/12  of  the  span  length  of  the  girder,  nor 
six  times  the  thickness  of  the  slab,  nor  one-half  the  clear  distance  to  the 
next  girder. 

(3)  Isolated  T-girders  in  which  the  flange  is  used  to  provide  additional  cx>m- 
pression  area  shall  have  a  flange  thickness  not  less  than  one-half  the 
width  of  the  girder  web  and  a  total  flange  width  not  more  than  four 
times  the  width  of  the  girder  weh. 

( c )  Diaphragms 

Diaphragms  shall  be  used  at  .span  ends.  Intermediate  diaphragms  sliall  hv  used 
where   required  in   the  judgment  of  the  engineer. 

2.23.10  Box-Girder  Construction 

(a)  In  box-girder  construction,  the  girder  web  and  top  and  bottom  slab  shall 
be  built  integrally  or  otherwise  eflectively  bonded  together.  Full  transfer  of  sht-ar 
forces  shall  be  assured  at  the  interfaces  of  the  girder  web  with  the  top  and  bottom 
slab.  Design  .shall  be  in  accordance  with  the  requirements  of  Article  2.23.9.  Whi-n 
required  by  design,  changes  in  girder  web  thickness  shall  be  tapered  for  a  minimum 
distance  of  12  times  the  difterence  in  web  thickness. 
(  b )   Compression   Flange  Width 

( 1 )  The  effective  slab  width  as  a  girder  flange  shall  not  exceed  one-fourth 
of  the  span  length  of  tlie  girder,  and  its  overhanging  width  on  eidirr 
side  of  the  girder  web  shall  not  exceed  six  times  the  least  thickness  of 
the  slab,  nor  one-half  the  clear  distance  to  the  next  girder  web. 
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(2)  For  girder  webs  having  a  slab  on  one  side  only,  the  effective  overhang- 
ing flange  width  shall  not  exceed  1/12  of  the  span  length  of  the  girder, 
nor  six  times  the  least  thickness  of  the  slab,  nor  one-half  the  clear  dis- 
tance to  the  next  girder  web. 

(c)  Top  and  Bottom   Slab  Thickness 

( 1 )  The  thickness  of  the  top  slab  shall  be  designed  for  loads  specified  in 
Article  2.2.3(c),  but  shall  be  not  less  than  the  minimum  specified  in 
Table  2.40. 

(2)  The  thickness  of  tlie  bottom  slab  shall  be  not  less  than  1/16  of  the 
clear  span  between  girder  webs  or  6  in.,  whichever  is  greater,  e.vcept 
that  the  thickness  need  not  be  greater  than  the  top  slab  unless  required 
by  design. 

( d )  Top  and  Bottom  Slab  Reinforcement 

( 1 )  Minimum  distributed  reinforcement  of  0.4  percent  of  the  flange  area 
shall  be  placed  in  the  bottom  slab  parallel  to  the  girder  span.  A  single 
layer  of  reinforcement  may  be  pro\'ided.  The  spacing  of  such  reinforc-e- 
ment  shall  not  exceed  18  in. 

(2)  Minimum  distributed  reinforcement  of  0.5  percent  of  the  cross-sectional 
area  of  the  slab,  based  on  the  least  slab  thickness,  shall  be  placed 
in  the  lx)ttom  slab  transverse  to  the  girder  span.  Such  reinforcement 
shall  be  distributed  over  both  surfaces  with  a  maximum  spacing  of  18 
in.  All  transverse  reinforcement  in  the  bottom  slab  shall  extend  to  the 
exterior  face  of  the  outside  girder  web  in  each  group  and  be  anchored 
by  a  standard  90-deg  hook. 

(3)  At  least  1/3  of  the  bottom  layer  of  the  transverse  reinforcement  in  the 
top  slab  shall  extend  to  the  exterior  face  of  the  outside  girder  \\eb  in 
each  group  and  be  anchored  by  a  standard  90-deg  hook.  If  the  slab 
extends  beyond  the  last  girder  web,  such  reinforcement  shall  extend 
into  the  slab  overhang  and  shall  have  an  anchorage  beyond  the  e.vterior 
face  of  the  girder  web  not  less  than  that  proxided  by  a  standard  hook. 

( e )  Diaphragms 

Diaphragms  shall  be  used  at  span  ends.  Intennediate  diaphragms  shall  be  used 
where  required  in  the  judgment  of  the  engineer.  Diaphragm  spacing  for  cur\ed 
girders  shall  be  given  special  consideration. 

2.24  DESIGN  METHODS 

The  design  mediods  to  be  used,  SER\TCE  LOAD  DESIGN"  or  LOAD  FACTOR 
DESIGN,  shall  be  as  directed  by  the  engineer. 

SERVICE  LOAD  DESIGN 

(APPLICABLE  TO  ARTICLES  2.25  THROUGH  2.29) 

2.25  GENERAL  REQUIREMENTS 

(a)  For  reinforced  concrete  members  designed  with  reference  to  service  loads 
and  allowable  stresses,  tlie  service  load  stresses  shall  not  exceed  the  \alues  gi\en 
in  Article  2.26. 

(b)  Development  and  splices  of  reinforcement  shall  be  as  required  under 
"DEVELOPMENT    AND    SPLICES    OF    REINFORCEMENT." 
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2.26  ALLOWABLE  SERVICE  LOAD  STRESSES 

2.26.1  Concrete 

For   ser\-ice   load   design,   stresses    in   concrete   shall    not   exceed   the   follovvins: 

(a)  Flexure 

Extreme   fiber   stress   in   compression   f 0.40  f, 

Modulus  of  rupture  f,,  from  tests,  or  if  data  are  not  available: 

Normal   weight  concrete    7.5   \/f', 

Lightweight  concrete   6.3   \/f', 

(b)  Shear' 

Beams  and  one-way  slabs  and  footings: 

Shear  carried  by  concrete  v,. 0.95   \^f', 

Maximum  shear  carried  by  concrete  plus  shear 

reinforcement     w-   +   4   \/f',- 

Two-way  slabs  and  footings : ' 

Shear  carried 


o  a 


by  concrete   v,.    I    0.8  -f  — ^ —  I  \/f  ,. 

but  not  greater  than 1.8   \/f', 

(c)   Bearing  on  loaded  area  fi,,  but  not  to  exceed  1050  psi 0.30  f, 

Minimum  distance  from  edge  of  bearing  to  edge  of  supporting  concrete  shall  be 
6  in. 

2.24.3  Reinforcement 

For  ser\ice  load  design,  tensile  stress  in  reinforcement  fs  shall  not  exceed  the 
following: 

Grade  40   or    Grade    50   reinforcement    20,000  psi 

Grade  6()    reinforcement     24,000  psi 

Fatigue  Stress  Limit — ^The  range  between  a  maximum  and  minimmu  stress  in 
straight  reinforcement  caused  by  live  load  plus  impact  shall  not  exceed  the  \alue 
obtained  from: 

ff  =  23.4  —  0.33  f„,,n 
where       ft  =  stress  range  in  steel   reinforcement,  ksi 

f„, In  r=  algebraic   minimum   stress   level,   tension   positive,   compression    nega- 
tive, ksi. 

Bends  in  primary  reinforcement  shall  be  avoided  in  regions  of  high  stress  range. 

2.27  FLEXURE 

For  investigation  of  service  load  stresses,  the  straiglit-line  theory  of  stress  and 
strain  in  flexure  shall  be  u.sed  and  tlie  following  assumptions  .shall  be  made: 

(a)  A  section  plane  before  bending  remains  plane  after  Ix-nding;   strains  vary 
as  the  distance  from  the  neutral  axis. 

(b)  Stress-strain    relation    of    concrete    is    a    straight    line    under   ser\ice    loads 
within    the   allowable   service   load   stresses.    Stresses  vary   as   the   distance 

*  For  more  detailed  analysis  of  permissible  shear  stress  v^.  carried  b\-  concrete,  and  shear 
values    for    lightweight    aggregate    concrete — see    Article    2.29.2. 

""  If    shear    reinforcement    is    provided    see    Article    2.29(F)(4). 
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from  the  neutral  axis  except,  for  deep  flexural  members  with  overall  depth- 
clear-span  ratios  greater  than  2/5  for  continous  spans  and  4/5  for  simple 
spans,   a   non-linear  distribution   of  stress  should   be   considered. 

(c)  Steel  takes   all  the  tension  due  to  flexure. 

(d)  Modular  ratio  n  =^  Es/Ec  may  be  taken  as  the  nearest  whole  number  (but 
not  less  than  6).  Except  in  calculations  for  deflections,  the  value  of  n  for 
lightweight  concrete  shall  be  assumed  to  be  the  same  as  for  normal  weight 
concrete  of  the  same  strength. 

(e)  In  doubly  reinforced  flexural  members,  an  effective  modular  ratio  of 
2Es/Ec  shall  be  used  to  transform  the  compression  reinforcement  for  stress 
computations.  The  compressive  stress  in  such  reinforcement  shall  not  be 
greater   than   the   allowable  tensile  stress. 

2.28  COMPRESSION  MEMBERS  WITH  OR  WITHOUT  FLEXURE 

The  combined  axial  load  and  moment  capacity  of  compression  members  shall 
be  taken  as  35  percent  of  that  computed  in  accordance  with  the  provisions  of  .\rticle 
2.3.3.  Slenderness  effects  shall  be  included  according  to  the  requirements  of  .\rticle 
2.34.  The  term  Pu  in  Eq.  (6-15)  shall  be  replaced  by  2.85  times  the  design  axial 
load.  In  using  the  provisions  of  Articles  2. .3.3  and  2.34,  *  shall  be  taken  as  1.0. 

2.29  SHEAR 

2.29.1  Shear  Stress 

(a)    Design  .shear  stress  v  shall  be  computed  by: 

V 


bwd 


(2-6) 


where  bw  shall  be  taken  as  the  width  of  web  and  d  shall  be  taken  as  the  distance 
from  the  extreme  compression  fiber  to  the  centroid  of  the  longitudinal  tension  rein- 
forcement. For  a  circular  section,  bw  shall  be  taken  as  the  diameter  and  d  need 
not  be  taken  less  than  the  distance  from  the  extreme  c-ompression  fiber  to  the 
centroid  of  the  longitudinal  reinforcement  in  the  opposite  half  of  the  member. 

( b )  When  the  reaction  in  tlie  direction  of  the  applied  shear  introduces  com- 
pression into  the  end  region  of  the  member,  sections  located  less  tlian  a  distance  d 
from  the  face  of  the  support  may  be  designed  for  the  same  shear  \  as  that  computed 
at    a  distance  d. 

(c)  Shear  stress  carried  by  concrete  Vi  shall  be  calculated  according  to  Article 
2.29.2.  When  v  exceeds  v,.,  shear  reinforcement  shall  be  pro\ided  according  to 
.\rticle  2.29.3.   Whenever  applicable,   the  efi^ects  of  torsion"   shall   be  added. 

2.29.2  Permissible  Shear  Stress 

(a)  Shear  stress  carried  by  concrete  \\  shall  not  exceed  0.95  \/f'c  unless  a 
more  detailed  analysis  is  made  in  accordance  with  (2)  or  (3).  For  members  subject 
to  axial  tension,  \\  .shall  not  exceed  the  \alue  given  in  (4).  For  lightweight  cnincrete. 
tlu"  pro.isicms  of   (5)   shall  apph . 


"  The   design  criteria   for  combined   shear  and  torsion  given   in   "Building   Code  Requirement> 
for   Reinforced  Concrete — ACI  318-77"  may  be  used. 
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(b)  Shear  stress  carried  l)y  concrete  v.-  may  be  computed  by: 

Vc  =  0.9  \/T,.  +    llOOPw  -^  (2-7) 

M  ^ 

Init  v\  shall  not  exceed  1.6  \/i\-.  The  quantity  Vd/M  shall  not  be  taken  greater 
than  1.0,  where  M  is  the  design  moment  occurring  simultaneously  with  V  at  the 
section  considered. 

(c)  For  members  subject  to  axial  compression,  v,    may  be  computed  by: 

v.  =  0.9  ( 1  +  JM^)  vf:  (2-8) 

The  quantit),-  X/A;..  shall  be  expressed  in  psi. 

(d)  For  members  subject  to  significant  axial  tension,  shear  reinforcement  shall 
be  designed  to  carry  the  total  shear,  unless  a  more  detailed  analysis  is  made  using 

V.   =  0.9    (   1   +  J):^)  Vf^  (2-9) 

where  N  is  negative  for  tension.  The  quantity  N/As  shall  be  expressed  in  psi. 

(e)  The  provisions  for  shear  stress  Vt  carried  by  concrete  apply  to  normal 
weight  concrete.  When  lightweight  aggregate  concretes  are  used,  one  of  the  follow- 
ing modifications  shall  apply: 

(1)  When  ftt  is  specified,  shear  stress  v,.  shall  be  modified  by  substituting 
fct/6.7   for    vt',-,   but   the   value  of  fci/6.7   used   shall   not   exceed    Vf'<. 

(2)  When  fct    is   not  specified,   shear  stress   \\-   shall   be  multiplied   by  0.85. 

2.29.3  Design  of  Shear  Reinforcement 

( a )  Shear  reinforcement  shall  conform  to  the  general  requirements  of  Article 
2.10.  When  shear  reinforcement  perpendicular  to  the  axis  of  the  member  is  used, 
required  area  shall  be  computed  by: 

Av  =       (^  -^Vo)bwS  (2-10) 

(b)  When  inclined  stirrups  or  bent  bars  are  used  as  shear  reinforcement  the 
following  provisions  apply: 

(1)  When   inclined  stirrups   are  used,  required  area  shall   be  computed   by: 

A.  =  ,  ^7.-;;:^'^-%  (2-11) 

Is    (sma  -}-   cosa) 

(2)  When  shear  reinforcement  consists  of  a  single  l)ar  or  a  single  group  of 
parallel  bars,  all  bent  up  at  the  same  distance  from  the  support,  required 
area  shall  be  computed  by: 

Av  =       (v  —  v.)bwd  (2-12) 

fssina 

in  which  (v  —  v,. )  shall  not  exceed  1.5  Vf'i-. 

(3)  When  shear  reinforcement  consists  of  a  series  of  parallel  bent-up  bars 
or  groups  of  parallel  bent-up  bars  at  diflerent  distances  from  the 
support,    required    area    shall    be   computed    by    (1). 

(4)  Only  the  center  three-fourths  of  the  inclined  portion  of  any  longitudinal 
bar   that   is   bent    shall   be   considered    eftecti\e   for   shear    reinforcement. 

(c)  Where  more  than  one  type  of  shear  reinforcement  is  used  to  reinforce  the 
same  portion  of  the  member,  required  area  shall  be  computed  as  the  sum  for  the 
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various  types  separately.  No  one  type  shall  resist  more  than  2/3  of  the  total  shear 
resisted   by   reinforcement.    In   such   computations,   \',    shall   be   included   only  once. 

(d)  When  (v  —  v,  )  exceed  2Vf'r,  shear  reinforcement  shall  be  so  placed 
that  every  45-deg  line,  representing  a  potential  diagonal  crack  and  extending  from 
mid-depth  d/2  of  the  member  to  the  longitudinal  tension  bars,  shall  be  crossed  by 
at  least  two  lines  of  reinforcement. 

(e)  The  value  of   (v  —  Vc)   shall  not  exceed  4Vf'r. 

2.29.4  Shear-Friction 

(a)  These  proxisions  apply  where  it  is  inappropriate  to  consider  shear  as  a 
measure  of  diagonal  tension,  and  particularly  in  design  of  reinforcing  details  for 
precast  concrete  structural  elements. 

(b)  A  crack  shall  be  assumed  to  occur  along  the  shear  path.  Relative  displace- 
ment shall  be  considered  resisted  by  friction  maintained  by  shear-friction  reinforce- 
ment across  the  crack.  This  reinforcement  shall  be  approximateK-  perpendicular  to 
the  assumed  crack. 

(c)  Shear  stress  v  shall  not  exceed  0.09f'c,  nor  360  psi. 

(d)  Required   area   of  reinforcement  Avf   shall   be  computed  by: 

Avr  =   -^  (2-13) 

fsM 

The  coefficient  of  friction  M-  shall  be  1.4  for  concrete  cast  monolithically,  1.0 
for  concrete  placed  against  hardened  concrete,  and  0.7  for  concrete  placed  against 
as-rolled  structural  steel. 

(e)  Direct  tension  across  the  assumed  crack  shall  be  pro\ided  b>  additional 
reinforcement. 

(f)  Shear-friction  reinforcement  shall  be  well  distributed  across  the  assumed 
crack  and  shall  be  adequately  anchored  on  both  sides  by  embedment,  hooks,  or 
welding  to  special  devices. 

(g)  When  shear  is  transferred  between  concrete  placed  against  hardened 
concrete,  the  interface  shall  be  rough,  clean,  and  free  of  laitance  with  a  full  ampli- 
tude of  approximately  }i  in.  When  shear  is  transferred  between  as-rolled  steel  and 
concrete,  the  steel  shall  be  clean  and  without  paint. 

2.29.5  Horizontal  Shear  Design  for  Composite  Flexural  Members 

(a)  In  a  composite  member,  full  transfer  of  the  shear  forces  shall  be  assured 
at  the  interfaces  of  the  separate  components. 

(b)  Full  transfer  of  horizontal  shear  forces  may  be  assumed  when  all  of  the 
following  are  satisfied:  (1)  contact  surfaces  are  clean  and  intentionally  roughened, 
(2)  minimum  ties  are  provided  in  accordance  with  paragraph  (f),  (3)  web  mem- 
bers are  designed  to  resist  the  entire  \ertical  .shear,  and  (4),  all  shear  reinforcement 
is  anchored  into  all  intersecting  components. 

When  all  of  the  above  are  not  satisfied,  horizontal  shear  shall  be  fully  investi- 
gated. 

(c)  Design  horizontal  shear  stress  v,ih  may  be  computed  at  any  cross  section  as: 

V„h    =     -r^  (2-14) 

b,d 

in   which   d  is   for   the  entire  composite  section.   Alternati\ely,   in   any  segment  not 
exceeding  one-tenth  of  the  span,   the  actual  change  in  compressi\e  or  tensile  force 
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to  be  transferred  may  be  computed,  and  pro\  isions  made  to  transfer  that  force  as 
horizontal  shear  to   the  supporting  element. 

(d)  Horizontal  shear  ma\-  be  transferred  at  contact  surfaces  using  the  pemiis- 
sible  horizontal  shear  stress  \i,  stated  below. 

( 1 )  When  ties  are  not  provided,  but  the  contact  surfaces  are  clean  and 
intentionally   roughened,   permissible  \  i,   =   36  psi. 

(2)  When  the  minimum  tie  requirements  of  paragraph  (f)  are  provided 
and  the  contact  surfaces  are  clean  but  not  intentionally  roughened, 
permissible  vi,  =  36  psi. 

(3)  WTien  the  minimum  tie  requirements  of  paragraph  (f)  are  provided 
and  the  contact  surfaces  are  clean  and  intentionally  roughened,  per- 
missible Vh  =  160  psi. 

(4)  When  \',ih  exceeds  160  psi,  design  for  horizontal  shear  shall  be  made 
in   accordance  with   Article  2.29.4. 

(e)  When  tension  e.xists  perpendicular  to  any  surface,  shear  transfer  by  con- 
act  may  be  assumed  only  when  the  mininunn  tie  requirements  of  paragraph  (  f )  are 
atisfied. 

(f)  Ties   for   Horizontal    Shear 

( 1 )  When  vertical  bars  or  extended  stirrups  are  used  to  transfer  horizontal 
shear,  the  tie  area  shall  not  be  less  than  that  required  by  Article  2.10.1 
(b)  and  the  spacing  shall  not  exceed  four  times  the  least  dimension  of 
the  supported  element  nor  24  in. 

(2)  Ties  for  horizontal  shear  may  consist  of  single  bars,  multiple  leg  stir- 
rups, or  the  vertical  legs  of  welded  wire  fabric.  All  ties  shall  be  ade- 
quately   anchored    into    the    components    by   embedment   or   hooks. 

( g )  Measure  of  Roughness 

Internal  roughness  may  be  assumed  ony  when  the  contact  surface  is  roughened, 
lean,  and  free  of  laitance.   Roughness  shall  have  a  full  amplitude  of  approximately 
in. 

.29.6  Special  Provisions  for  Slabs  and  Footings 

(a)  Shear  capacity  of  slabs  and  footings  in  tlie  vicinity  of  concentrated  loads  or 
sactions  shall  be  governed  by  the  more  severe  of  two  conditions: 

(  1  )  The  slab  or  footing  acting  as  a  u  ide  beam,  w  ith  a  critical  section 
extending  in  a  plane  across  the  entire  width  and  IcK-ated  at  a  distance  d 
from  the  face  of  the  concentrated  load  or  reaction  area.  For  this  con- 
dition, the  slab  or  footing  shall  be  designed  in  accordance  with  .Articles 
2.29.1  through  .3. 
(2)  Two-way  action  for  the  slab  or  footing,  with  a  critical  section  per- 
pendicular to  the  plane  of  the  slab  and  located  so  that  its  periphery  is 
a  mininmm  and  approaches  no  closer  than  d/2  to  the  peripher>  of  the 
concentrated  load  or  reaction  area.  For  this  condition,  the  slab  or 
footing  shall  be  designed  in  accordance  with  paragraphs  (b)  and  (c). 
al.  670 
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(b)   Design  shear  stress  for  two-way  action  shall  be  computed  by: 

V 


{2r-l0) 


b„cl 
where  V  and  b„   are  taken   at  the  critical  section  defined  in   (2). 

(c)  Design  shear  v  shall  not  exceed  v^.  given  by  Equation  (2-16)  unless  shear 
reinforcement   is   provided   in   accordance   with    (d). 

ve  =      (^    0.8  +    — ?-)    VFc  (2-16) 

but  not  greater  than   1.8Vf'r.  j8,.  is  the  ratio  of  long  side  to  short  side  of  concen- 
trated load  or  reaction  area. 

(d)  If  shear  reinforcement  consisting  of  bars  or  wires  is  provided  in  accordance 
with  Article  2.29.3,  Vc  at  any  section  shall  not  exceed  O.QVf'c,  and  v  shall  not 
exceed  3\/{\-.  Shear  stresses  shall  be  investigated  at  the  critical  section  defined  in 
(2)    and  at  successive  sections  more  distant  from  the  support. 

LOAD  FACTOR  DESIGN 
(APPLICABLE  TO  ARTICLES  2.30  THROUGH  2.39) 

2.30  STRENGTH  REQUIREMENTS 

2.30.1  Design  Strength 

For  reinforced  concrete  members  designed  with  reference  to  load  factors  and 
strengths,  the  design  strength  of  a  member  or  cross  section  shall  be  taken  as  the 
nominal  strength  computed  in  accordance  with  the  requirements  and  assumptions 
of  LOAD  FACTOR  DESIGN  modified  by  a  strength  reduction  factor  *.»  The 
following  values  of  *  shall  be  used: 

For   flexure    *  :=  0.90 

For  shear *  =  0.85 

For  spirally  reinforced  compression  members  with  or  w ithout  flexure  *  =  0.75 

For  tied  compression  members  with  or  without  flexure *  ^  0.70 

For  bearing  on  concrete   *  ^  0.70 

The  value  of  *  may  be  increased  linearly  from  the  \alue  for  compression 
members  to  the  \'alue  for  flexure  as  the  axial  design  load  strength  'I'  pn,  decreases 
from  0.10  f'c  Ag  or  *pi,,  whiche\er  is  smaller,  to  zero. 

Development  and  splices  of  reinforcement  specified  in  DEN'ELOFMEXT  AND 
SPLICES  OF  REINFORCEMENT  do  not  require  a  <^  factor. 

2.30.2  Required  Strength 

The  required  strength  provided  shall  be  at  least  equal  to  the  structural  eff^ects 
of  the  load  groups  in  Article  2.2.4(c)  which  represents  various  combinations  of 
loads  and  forc(\s  to  which  a  structure  ma\-  be  subjected.  Each  part  of  such  structure 
shall  be  proportioned  for  the  group  loads  that  are  applicable,  and  the  maximum 
design  required  shall  be  used. 

"  The  coeflficient  4>  provides  for  the  possibility  that  small  adverse  variations  in  material 
streneths,  workmanship,  and  dimensions,  while  indi\idually  within  acceptable  tolerances  and 
limits   of   good   practice,   may   combine   to   result   in   under   strength. 
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2.31  DESIGN  ASSUMPTIONS 

2.31.1   Strength  Design 

Strength  design  of  members  for  flexure  and  axial  loads  shall  be  based  on  the 
assumptions  given  in  this  article,  and  on  satisfaction  of  the  applicable  conditions 
of  equilibrium  and  compatibiHty  of  strains. 

(a)  Strain  in  the  reinforcing  steel  and  concrete  shall  be  assumed  directly 
proportional  to  the  distanc-e  from  the  neutral  axis. 

(b)  Maximum  usable  strain  at  tlie  extreme  concrete  compression  fiber  shall 
be  assumed  equal  to  0.003. 

(c)  Stress  in  reinforcement  below  the  specified  yield  strength  f,  for  the  grade 
of  steel  used  shall  be  taken  as  Es  times  the  steel  strain.  For  strains  greater  than  that 
corresponding  to  fy,  the  stress  in  the  reinforcement  shall  be  considered  independent 
of  strain  and  equal  to  fy. 

(d)  Tensile  strength  of  concrete  shall  be  neglected  in  flexural  calculations  of 
reinforced  concrete. 

(e)  The  relationship  between  concrete  compressive  stress  distribution  and 
concrete  strain  may  be  assumed  to  be  a  rectangle,  trapezoid,  parabola,  or  any  other 
shape  which  results  in  prediction  of  strength  in  substantial  agreement  with  the 
results  of  comprehensive  tests. 

(f)  The  requirements  of  Article  2.31.1(e)  may  be  considered  sati.sfied  by  an 
equivalent  rectangular  concrete  stress  distribution  defined  as  follows:  A  concrete 
stress  of  0.85  f'c  shall  be  assumed  uniformly  distributed  over  an  equivalent  compres- 
sion zone  bounded  by  the  edges  of  the  cross  section  and  a  straight  line  located 
parallel  to  the  neutral  axis  at  a  distance  a  ^^  )3ic  from  the  fiber  of  maximum  com- 
pressive strain.  The  distance  c  from  the  fil>er  of  maximum  strain  to  tlie  neutral  axis 
is  measured  in  a  direction  perpendicular  to  that  axis.  The  factor  ^i  shall  be  taken 
as  0.85  for  concrete  strength  f'c  up  to  and  including  4000  psi.  For  strengths  abo\e 
4000  psi  Pi  shiill  be  reduced  continuously  at  a  rate  of  0.05  for  each  1000  psi  of 
strength  in  excess  of  4000  psi,  but  Pi  shall  not  be  taken  less  than  0.65. 


2.32  FLEXURE 

2.32.1  Maximum  Reinforcement  of  Flexural  Members 

(a)  For  flexural  members,  the  reinforcement  ratio  p  pro\idecl  shall  not  exceed 
0.75  of  that  ratio  P\.  which  would  produce  halaiucd  strain  conditions  for  the  section 
under  flexure. 

(b)  Balanced  strain  conditions  exist  at  a  cro.ss  .section  when  the  tension  rein- 
forcement readies  its  specified  yield  strength  fy  just  as  tlie  concrete  in  compression 
reaches   its   assumed  ultimate  strain  of  0.003. 
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2.32.2  Rectangular   Sections   With   Tension   Reinforcement  Only 

(a)   For   rectangular  sections,   the   design   moment  strength  'I'Mn  may  be  com- 
puted by: 

<i>M.,  =  *  r  Asfvd  (   1  -     Q-^  ^'    )"|  (2-17) 

=  *   r  AJ,  (  d-|  )]  (2^18) 

where 


0.85f',b 
( b )   The  balanced  reinforcement  ratio  Pi,  for  rectangular  sections  \\  ith  tension 
reinforcement  only   is   given  by: 

0.85Af'c./        87,000        ^  /,   ,Qv 

'"  =  ~"^r~V  87,000  +  f.  )  ^  ^'^  ^ 

2.32.3  I-  and  T-Sections  With  Tension  Reinforcement  Only 

(a)  When  the  compression  Hange  thickness  is  equal  to  or  greater  than  the 
depth  of  the  equivalent  rectangular  stress  block  a,  the  design  moment  strength  *%!„ 
may  be  computed  by  the  equations   given  in   (2)    (b). 

(b)  When  the  compression  flange  tliickness  is  less  than  a,  the  design  moment 
strength   "I'Mn   may   be   computed   by: 

*   r   (A.  —  Asf)fy  (  d  -  ^y\sffy(d  -  0.5h,)  ~]  2-20) 

fy 

^     (A.  -  A.Qfy 
0.85f'cbw 

(c)  The  balanced  reinforcement  ratio  Pi,  for  I-  and  T-sections  with  tension 
reinforcement  only  is  given  by: 

bw  r    0.85W,   /         87,000        \     ,     „r  1  /.7  om 

where  Pr  =      /  •'^, 

bud 

(d)  For  T-girder  and  box-girder  construction  defined  b\'  .-Vrticles  2.23.10  and 
2.23.11,  the  width  of  the  compression  face  b  shall  be  equal  to  tlie  effective  slab 
width. 

2.32.4  Rectangular    Sections    With    Compression   Reinforcement 

(a)  For  rectangular  sections,  the  design  moment  strengtli  *Mn  ma>  l>e  com- 
puted by: 


where 

A.f  =  0.85f\.(b  -  b„) 


'K\I„  =  *   r    (A.  -  A'Jf,    ^d  -    ;;  ^  +   A'J,(d  -  d')  1        :2-22 


(As  -  A's)f, 


where  a  

0.85f'cb 

and   the  following  condition  shall  be  satisfied: 

As  —  A's     ^     0.85j3ircd' 

bd  ~  fvd 


V    87,000  —  f,    )  ^---^/ 
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(b)  When  the  value  of  (A,  —  A's)/bd  is  less  than  the  value  given  b>'  Eq. 
(2-23),  so  that  the  stress  in  the  compression  reinforcement  is  less  than  the  yield 
strength  f,  or  when  effects  of  compression  reinforcement  are  neglected,  the  moment 
strength  ma\-  be  computed  by  the  equations  in  (2)(a),  except  when  a  general  analysis 
is  made  based  on  stress  and  strain  compatibility  using  the  assumptions  given  in 
Article  2.31. 

(c)  The  balanced  reinforcement  ratio  pi,  for  rectangular  section  with  compres- 
sion reinforcement  is  given  by: 

.    _    0.85;3.f\.  {        87,000       \     ,     p't'...  /9_04) 

^"  ~         U        \  87,000  +  f,  )    ^       iy 
where 

f'.i,  =:  stress  in  compression  reinforcement  at  balanced  strain  conditions 

==87,000—   -^-    (87,000  +  f,)   f^  f, 
d 

2.32.5  Other  Cross  Sections 

For  other  cross  sections,  the  design  moment  strength  *Mn  shall  be  computed 
by  a  general  analysis  based  on  stress  and  strain  compatibility  using  the  assumptions 
given    in    Article   2.31.    The    requirements   of   Article   2.32.1    shall   also   be   satisfied. 

2.33  COMPRESSION  MEMBERS  WITH  OR  WITHOUT  FLEXURE 

2.33.1   General  Requirements 

( a )  Design  of  cross  sections  subject  to  axial  load  or  to  combined  flexure  and 
axial  load  shall  be  based  on  stress  and  strain  compatibility  using  the  assumptions 
given  in  .Article  2.31.  Slenderness  effects  shall  be  included  in  accordance  witli  Article 
2.34. 

( b  I  Members  subject  to  compressive  axial  load  shall  be  designed  for  the  maxi- 
mimi  moment  that  can  accompany  the  axial  load.  The  factored  axial  load  Pu  at 
given  eccentricity  shall  not  exceed  that  given  in  Paragraph  (c).  The  maximum 
factored  moment  M,,  shall  be  magnified  for  slenderness  effects  in  accordance  with 
Article  2.34. 

( c )  Design  axial  load  strength  'I'P,,  of  compression  members  shall  not  be  taken 
greater  than  the  following: 

(1)  For  members  with  spiral  reinforcement  conforming  to  Article  2.11.2(a): 
*P„(max)   =  0.85  *  [0.85f',.(A„  —  A.,)   +  f,.A»,]  (2-25) 

(2)  For  members  with  tie  reinforcement  confomiing  to  Article  2.11.2(b): 
*P,.(max)  =  0.80  '!>  [0.85f',.(A,  —  A,.)   +  f,.A.,]  (2-26) 

2..33.2  Compression  Member  Strengths 

The  following  provisions  may  be  used  as  a  guide  to  define  the  range  of  the 
load-moment  interaction  relationship  for  members  subjected  to  combined  flexure 
and  axial  load. 

(a)   Pure  Compression 

The  design  axial  load  strength  at  zero  eccentricity  'I'P„  may  be  computed  b\  : 
<^P.,  =  'I'  [0.85f'o(A«  -  A„)   +   As.    +  fy]  (2-27) 

For  design,  pure  compression  strength  is  a  hypothetical  loading  condition  since 


128  Bulletin  670 — American  Railway  Engineering  Association 

Article  2.33.1(c)   limits  the  axial  load  strength  of  compression  members  to  8-5  and 
80  percent  of  the  design  axial  load  strength  at  zero  eccentricity. 

(b)  Pure  Flexure 

The  assumptions  given  in  Article  2.31,  or  the  applicable  equations  for  flexure 
gi\en  in  Article  2.32  may  be  used  to  compute  the  design  moment  strength  *M„  in 
pure  flexure. 

(c)  Balanced  Strain  Conditions 

Balanced  strain  conditions  for  a  cross  section  are  defined  in  .\rticle  2.32.1(b). 
For  a  rectangular  section  with  reinforcement  in  one  or  two  faces  and  located  at 
approximately  the  same  distance  from  the  axis  of  bending,  the  balanced  load  strength 
*Pb  and  balanced  moment  strength  "^Mb  may  be  computed  b\  : 

•f-P,,  =  *  [0.85f'cbab  +  A'J'sb  —  A  J,]  (2-28) 

and 

*Mb  =  *  [0.85f'..bab  J' d  -  d"  -  — )    +  A'.f'.b(d  _  d'  -  d" )   -   A.f^d"] 

(2-29) 


I'here 


and 


/        87,000       \  o  J 
V  87,000  +  fy  /     ' 


f'sb  =  87,000  —    — ,-  (87,000  +  iy)   ^  U 
a 


(d)   Combined   Flexure   and   Axial   Load 

The  design  strength  under  combined  flexure  and  axial  load  shall  be  based  on 
stress  and  strain  compatibility  using  the  assumptions  given  in  .Article  2.31.  The 
strength  of  a  cross  section  is  controlled  by  tension  when  the  nominal  axial  load 
strength  Pn  is  less  than  Ph.  The  strength  of  a  cross  section  is  controlled  by  compres- 
sion when  the  nominal  axial  load  strength   Pn  is   greater  than  Pi,. 

The  nominal  values  of  axial  load  strength  Pn  and  moment  strength  Mn  must 
both  be  multiplied  by  the  appropriate  strength  reduction  factor  4'  for  spirally  rein- 
forced or  tied  compression  members  as  given  in  Article  2.30.1.  The  value  of  *  may 
be  increased  linearly  from  the  value  for  compression  members  to  die  \alue  for 
flexure  as  the  design  a.xial  load  strength  *Pn  decreases  from  O.lOf,  .\£  or  *Pi,  which- 
ever is  smaller,  to  zero. 

2.33.3  Biaxial  Loading 

In  lieu  of  a  general  section  analysis  based  on  stress  and  strain  compatibility  for 
a  loading  condition  of  biaxial  bending,  the  strength  of  non-circiilar  members  subject 
to    biaxial    bending   may   be   computed    by   the   following   approximate   expressions: 

"'  ^  (-^)-(i)-a) 

where  the  factored  axial  load, 

Pu^O.lf'cA. 
or 

Mux     _j_     M^  ^  J  (2-^1) 


*Mnx  *M 

when  the  factored  axial  load, 

Pu  <  O.lf'cAg 
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2.34  SLENDERNESS  EFFECTS  IN  COMPRESSION  MEMBERS 

2.34.1  General  Requirements 

(a)  Design  of  compression  members  shall  be  based  on  forces  and  moments 
determined  from  an  analysis  of  the  structure.  Such  an  analysis  shall  take  into  account 
the  influence  of  axial  loads  and  variable  moment  of  inertia  on  member  stiffness  and 
Hxed-end  moments,  the  effect  of  deflections  on  tlie  moments  and  forces,  and  the 
effects  of  the  duration  of  the  loads. 

(b)  In  lieu  of  the  procedure  described  in  paragraph  (a),  the  design  of  com- 
pression members  may  be  based  on  the  approximate  procedure  given  in  Article 
2.34.2. 

2.34.2  Approximate  Evaluation  of  Slendemess  Effects 

(a)  Unsupported  length  X,,  of  a  compression  member  shall  be  taken  as  tlic 
clear  distance  between  slabs,  girders,  or  other  members  capable  of  providing 
lateral  support  for  the  compression  member.  When  haunches  are  present,  the  un- 
supported length  shall  he  measured  to  the  lower  extremit>-  of  the  haunch  in  the 
plane  considered. 

(b)  Radius  of  gyration  r  may  be  taken  equal  to  0.30  times  the  overall  dimen- 
sion in  the  direction  in  which  stabiUty  is  being  considered  for  rectangular  com- 
pression members,  and  0.25  times  the  diameter  for  circular  compression  members. 
For  other  shapes,  r  may  be  computed  from  the  gross  concrete  section. 

(c)  For  compression  members  braced  against  sidesway,  the  effective  length 
factor  K  shall  be  taken  as  1.0,  unless  an  analysis  shows  that  a  lower  value  may 
be  used.  For  compression  memljers  not  braced  against  sidesway,  the  effective  length 
factor  k  shall  be  detemiined  with  due  consideration  of  cracking  and  reinforcement 
on  relative  stiffness,  and  shall  be  greater  than  1.0. 

(d)  For  compression  members  braced  against  sidesway,  the  effects  of  slender- 
ness  may  be  neglected  when  k^^u/r  is  less  than  34  —  12  Mi/M::.  For  compression 
members  not  braced  against  sidesway,  the  effects  of  slenderness  may  be  neglected 
when  kXu/r  is  less  than  22.  For  all  compression  meml^ers  with  kX„/r  greater  than 
100,  an  analysis  as  defined  in  Article  2.34.1  (a)  shall  be  made.  Mi  =  value  of 
smaller  end  moment  on  compression  member  calculated  from  a  conventional  elastic 
analysis,  positive  if  member  is  bent  in  single  curvature,  negati\e  if  bent  in  double 
cur\ature.  M-  ==  \alue  of  larger  end  moment  on  compression  member  calculated 
from  a  conventional  elastic  analysis,  always  positive. 

(e)  Compression  memljers  shall  be  designed  using  the  factored  axial  load 
Pu  from  a  conventional  elastic  analysis  and  a  magnified  factored  moment  M,  de- 
fined by: 

Mc^SM,  (2-32) 


\here 


and 


5=  "p      ^1.0 

1        _P^  (2-33) 


''•=w  <"^' 
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In  lieu  of  a  more  precise  calculation,  EI  may  be  taken  either  as 

5^  +  EJ, 

or  conservatively 


EIr= ^-  (2-36) 

I  +  Pa 
wherejSd  is  the  ratio  of  maximum  dead  load  moment  to  maximum  total  load  moment, 
always  positive.  For  members  braced  against  sidesway  and  without  transverse  loads 
between  supports,  Cm  may  be  taken  as 

Ml 

C„,  =  0.6  +  0.4    -rr-  (2-37) 

Ala 

l)ut  not  less   than   0.4. 

For  all  other  cases  C,„  shall  be  taken  as  1.0. 

( f  j  If  computations  show  that  there  is  no  moment  at  both  ends  of  a  com- 
pression member  or  that  computed  end  eccentricities  are  less  than  ( 0.6  +  0.03h  i 
in.;  Mo  in  Equation  (2-32)  shall  be  based  on  a  minimum  eccentricity  of  (0.6  ~r 
0.03h)  in.  about  each  principal  axis  separately.  Ratio  Mi/M..  in  Equation  (2—37) 
shall   be  determined   by  either  of  the  following: 

(1)  WTien  computed  end  eccentricities  are  less  than  (0.6  +  0.03h)  in.,  com- 
puted end  moments  may  be  used  to  evaluate  Mi/Mo  in  Equation  (2-37). 

(2)  If  computations  show  that  there  is  essentially  no  moment  at  both  ends 
of  a  compression  member,  the  ratio  Mi/Mj  shall  be  taken  equal  to  one. 

(g)  When  compression  members  are  subject  to  bending  about  both  principal 
axes,  the  moment  about  each  axis  shall  be  amplified  by  5,  computed  from  tlie  cor- 
responding   conditions    of   restraint    about    that   axis. 

(h)  In  structures  which  are  not  braced  against  sidesway,  the  fle.xural  mem- 
bers shall  be  designed  for  the  total  magnified  end  moments  of  the  compression 
members  at  the  joint. 

(i)  When  a  group  of  compression  members  on  one  level  comprises  a  bent,  or 
when  they  are  connected  integrally  to  the  same  superstructure,  and  collectiveh 
resist  the  sidesway  of  the  structure,  the  value  of  o  shall  be  computed  for  the  mem- 
l>er  group.  P»  and  P,  shall  be  taken  as  the  summation  of  Pu  and  P,  for  all  mem- 
bers in  the  group.  In  designing  each  member  in  the  group,  5  shall  be  taken  as  the 
larger  of 

(  1 )   the  \alue  computed   for  the  group  as  a  whole,  or 

(2)   the  value  computed    for    the    individual    compression    member    assuming 
its  ends  to  be  braced  against  sidesway. 

2.35  SHEAR 

2.35.1  Shear  Strength 

(a)   Factored  shear  stress  Vu  shall  be  computed  b\': 

^•"=-b7;r  (2-38) 

where  bw   shall  lie  taken  as  the  w  idth  of  web,  and  d  shall  be  taken  as  the  distanc-e 
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from    the    extreme    compression    fiber   to    the    c-entroid    of   the    longitudinal    tension 
reinforcement. 

For  a  circular  section,  bw  shall  be  taken  as  the  diameter,  and  d  need  not 
be  taken  less  than  the  distance  from  the  extreme  compression  fiber  to  the  centroid 
of  the  longitudinal  reinforcement  in  the  opposite  half  of  the  member. 

(b)  When  the  reaction  in  the  direction  of  the  applied  shear  introduces  com- 
pression into  the  end  region  of  the  member,  sections  located  less  than  a  distance 
d  from  the  face  of  the  support  may  be  designed  for  the  same  shear  Vu  as  that 
computed   at   a  distance  d. 

(c)  Shear  stress  carried  by  concrete  Vc  shall  be  calculated  according  to  Article 
2.35.2.  When  v^  exceeds  Vr,  shear  reinforcement  shall  be  provided  according  to 
Article  2.35.3.  Whenever  applicable,  the  effects  of  torsion"  shall  be  added. 

2.35.2  Permissible  Shear  Stress 

( a )  Shear  stress  carried  by  concrete  v,-  shall  not  exceed  2  \'  i'c  imless  a  more 
detailed  analysis  is  made  in  accordance  with  ( 2 )  or  ( 3 ) .  For  members  subject  to 
iLxial  tension,  Vc  shall  not  exceed  the  value  given  in  (4).  For  lightweight  concrete, 
the  provisions  of   (5)   shall  apply. 

(b)  Shear  stress  carried  by  concrete  Vc  may  be  computed  by: 

—  Vud 

Vc  =  1 .9  V  f 'c  +  2500Pw  -j^-^—  ( 2-39 ) 

^  Vud 

l)ut  Vc  shall  not  exceed  3.5\'f'i.  The  quantity  -w     shall  not  be  taken  greater  than 

1.0,    where   Mu   is    the   factored   moment   occurring   simultaneousK'   with    V„   at   the 
section  considered. 

(c)  For  members  subject  to  axial  compression,  Ve  may  be  computed  by: 

Vc  =  2    (l  +  0.0005  -~^j  VT^  (2-40) 

The  quantity  Xu/Ag  shall  be  expressed  in  psi. 

(d)  For  members  subject  to  significant  axial  tension,  shear  reinforcement  shall 
be  designed  to  carry  the  total  shear,  unless  a  more  detailed  analysis  is  made  using 

Vo  =  2    (    1  +  0.002   -^)  VTc  (2-41) 

where  N„  is  negative  for  tension.  The  (juantity  Nn/A,;  shall  be  expressed  in  psi. 

(e)  The  pro\isions  for  shear  stress  Vc  carried  by  concrete  apply  to  normal 
weight  concrete.  When  Hghtweight  aggregate  concretes  are  used,  one  of  the  fol- 
lowing modifications  shall  apply: 

( 1  I    When   f,  t    is  specified,   shear  stress  v,.   shall  be  modified  by  substituting 

fct/6.7   for    VTT,   but   the   value  of  f,,/6.7   u.sed   shall   not   exceed    Vf'c 

(2)   When   fit    is   not   specified,   shear  stress   v,    shall   be   multiplied   by  0.85. 

2.35.3  Design  of  Shear  Reinforcement 

(a)  Shear  reinforcement  shall  conform  to  the  general  requirements  of  .\rticle 
2.10.  When  shear  reinforcement  perpendicular  to  the  axis  of  the  member  is  used, 
refiuired  area  shall  be  computetl  by: 

A..=     (-"---)'>--  (2-42) 


"  The    desiirn    criteria    for   combined   shear    and   torsion    Kiven    in    "Buildinu   Code    Requirements 
for   Reinforced  Concrete — -AC'I   318-77'    may  be   used. 
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(b)  When  inclined  stirrups  or  bent  bars  are  used  as  shear  reinforcement  the 
following  provisions  apply: 

(1)  When  inclined  stirrups   are  used,  required  area  shall  be  computed  by: 

(vu  —  Vc)bwS 
^'=  iyisin  a  +  cos  a)  (^-^•■^) 

(2)  When  shear  reinforcement  consists  of  a  single  bar  or  a  single  group  of 
parallel  bars,  all  bent  up  at  the  same  distance  from  the  support, 
required  area  shall  be  computed  by: 

(v„  — vc)bwd 

Av  =  ^ — r^-^ (2-44) 

fysm  a.  ^  ' 

in  which  (vu  —  Vc)  shall  not  exceed  3Vf'c. 

(3)  When  shear  reinforcement  consists  of  a  series  of  parallel  bent-up  bars 
or  groups  of  parallel  bent-up  bars  at  different  distances  from  the  sup- 
port,  required   area  shall  be  computed  by   (1). 

( 4 )  Only  the  center  three-fourths  of  the  inclined  portion  of  any  one  longi- 
tudinal bar  that  is  bent  shall  be  considered  effective  for  shear  reinforce- 
ment. 

(c)  When  more  than  one  type  of  shear  reinforcement  is  used  to  reinforce  the 
same  portion  of  the  member,  required  area  shall  be  computed  as  the  sum  for  the 
various  types  separately.  No  one  type  shall  resist  more  than  -a  of  the  total  shear 
resisted   by   reinforcement.   In   such   computations,   Vc   shall   be  included   only  once. 

(d)  When  (vu  —  v, )  exceeds  4Vf'c,  shear  reinforcement  shall  be  so  placed 
that  every  45-deg  line,  representing  a  potential  diagonal  crack  and  extending  from 
mid-depth  d/2  of  the  member  to  the  longitudinal  tension  bars,  shall  be  crossed  b\- 
at  least  two  lines  of  reinforcement. 

(e)  The  value  of  (vu  —  Vc)   shall  not  exceed  8\'f'c. 

2.35.4  Shear- friction 

(a)  These  provisions  apply  where  it  is  inappropriate  to  consider  shear  as  a 
measure  of  diagonal  tension,  and  particularly  in  design  of  reinforcing  details  for 
precast  concrete  structural  elements. 

(b)  A  crack  shall  be  assumed  to  occur  along  the  shear  path.  Relative  dis- 
placement shall  be  considered  resisted  by  friction  maintained  by  shear-friction 
reinforcement  across  the  crack.  This  reinforcement  shall  be  approximately  perpen- 
dicular to  the  assumed  crack. 

(c)  Shear  stress  Vu  shall  not  exceed  0.2  \  f\   nor  800  psi. 

(d)  Required  area  of  reinforcement  Avf   shall  be  computed  by 

A-=    -^  (2-15) 

The  coefficient  friction  m  shall  ]->€  1.4  for  concrete  cast  monolithically,  1.0 
for  concrete  placed  against  hardened  concrete,  and  0.7  for  concrete  placed  against 
as-rolled  structural  steel. 

(e)  EHrect  tension  across  the  assumed  crack  shall  be  provided  by  additional 
reinforcement. 

(f)  Shear-friction  reinforcement  shall  Ix"  well  distributed  across  the  assumed 
crack,  and  shall  be  adeciuately  anchored  on  both  sides  b>-  embedment,  hooks,  or 
welding  to  special  devices. 
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(g)  When  shear  is  transferred  between  concrete  placed  against  hardened  con- 
crete, the  interface  shall  be  rough,  clean,  and  free  of  laitance  with  a  full  amplitude 
of  approximately  }i  in.  When  shear  is  transferred  between  as-rolled  steel  and  con- 
crete,  the   steel   shall   be   clean   and   without  paint. 

2.35.5  Horizontal  Shear  Design  for  Composite  Concrete  Flexural  Members 

(a)  In  a  composite  member,  full  transfer  of  the  shear  forces  shall  l)e  assured 
at  the  interfaces   of  the   separate  components. 

(b)  Full  transfer  of  horizontal  shear  forces  may  be  assumed  when  all  of  the 
following  are  satisfied:  (1)  contact  surfaces  are  clean  and  intentionally  roughened, 
(2)  minimum  ties  are  provided  in  accordance  with  paragraph  (f),  (3)  web 
members  are  designed  to  resist  the  entire  vertical  shear,  and  (4)  all  shear 
reinforcement    is    anchored    into    all    intersecting    components. 

WTien  all  of  the  above  are  not  satisfied,  horizontal  shear  shall  Ix?  full>- 
in\estigated. 

(c)  Factored  horizontal  shear  stress  Vui,  may  be  cxjmputed  at  an>-  cross  sec- 
tion as 

v-=     *fer  (2-46) 

in  which  d  is  for  the  entire  composite  section.  Alternatively,  in  any  segment  not 
exceeding  one-tenth  of  the  span,  the  actual  change  in  compressive  or  tensile  force 
to  be  transferred  may  be  computed,  and  provisions  made  to  transfer  that  force  as 
horizontal  shear  to  the  supporting  element.  The  *  factor  for  shear  shall  l)e  used 
with   the   compressive   or   tensile  forces. 

(d)  Horizontal  shear  may  be  transferred  at  contact  surfaces  using  the  per- 
missible horizontal  shear  stress  \i,  stated  below. 

( 1 )  When  ties  are  not  provided,  but  the  contact  surfaces  are  clean  and 
intentionally   roughened,   permissible  vi,   =   80  psi. 

( 2 )  When  the  minimum  tie  requirements  of  paragraph  ( f )  are  provided 
and  the  contact  surfaces  are  clean  but  not  intentionally  roughened, 
permissible  Vh  =  80  psi. 

(3)  When  the  minimum  tie  requirements  of  paragraph  (f)  are  pro\  ided  and 
the  contact  surfaces  are  clean  and  intentionally  roughened,  permissible 
Vh  =  350  psi. 

(4)  When  Vuh  exceeds  3.50  psi,  design  for  horizontal  shear  shall  be  made 
in  accordance  with  Article  2.35.4. 

(e)  When  tension  exists  perpendicular  to  any  surface,  shear  transfer  by  con- 
tact may  be  assumed  only  when  the  minimum  tie  requirements  of  paragraph  (f) 
are  satisfied. 

(f)  Ties  for  Horizontal  Shear 

( 1 )  When  vertical  bars  or  extended  stirrups  are  used  to  transfer  horizontal 
shear,  the  tie  area  shall  not  be  less  than  that  required  by  Article  2.10.1 
(b),  and  the  spacing  shall  not  exceed  four  times  the  least  dimension  of 
the  supported  element  nor  24  in. 

(2)  Ties  for  horizontal  shear  may  consist  of  single  bars,  nuiltipU-  leg  stir- 
rups, or  the  vertical  legs  of  welded  wire  fabric.  All  ties  shall  lie  ade- 
quately anchored  into  the  components  by  embedment  or  hooks. 

(g)  Measure  of  Roughness 

Internal   roughness   may  be  assumed   only   when   the   contact  surface   is   rough- 
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ened,  clean,  and  free  of  laitance.  Roughness  shall  have  a  full  amplitude  of  approxi- 
mately /4  in. 

2.35.6  Special  Provisions  for  Slabs  and  Footings 

(a)  Shear  strength  of  slabs  and  footings  in  the  vicinity  of  concentrated  loads 
or  reactions  shall  be  governed  by  the  more  severe  of  two  conditions: 

( 1 )  The  slab  or  footing  acting  as  a  wide  beam,  with  a  critical  section  ex- 
tending in  a  plane  across  the  entire  width  and  located  at  a  distance  d 
from  the  face  of  the  concentrated  load  or  reaction  area.  For  this  con- 
dition, the  slab  or  footing  shall  be  designed  in  accordance  with  Articles 
2.35.1  through  2.35.3. 

( 2 )  Two-way  action  for  the  slab  or  footing,  with  a  critical  section  per- 
pendicular to  the  plane  of  the  slab  and  located  so  that  its  periphery 
is  a  minimum  and  approaches  no  closer  tlian  d/2  to  the  periphery  of  the 
concentrated  load  or  reaction  area.  For  this  condition,  the  slab  or  footing 
shall  be  designed  in  accordance  with  paragraphs    (b)   and   (c). 

(b)  Factored   shear  stress  for  two-day  action  shall  be  computed  by: 

Vu 

where  V„  and  b„  are  taken  at  the  critical  section  defined  in   ( 2 ) . 

(c)  Factored  shear  stress  Vu  shall  not  exceed  Vc  given  by  Equation  (2—48) 
unless   shear   reinforcement  is   provided   in   accordance   with    ( 4 ) . 

ve=(  2+  -^)  VF:  (2-48) 

but  not  greater  than  4Vf't.  J3c  is  the  ratio  of  long  side  to  short  side  of  concentrated 
load  or  reaction  area. 

(d)  If  shear  reinforcement  consisting  of  bars  or  wires  is  provided  in  accord- 
ance with  Article  2.35.3,  Vc  at  any  section  shall  not  exceed  2\'f'c,  and  Vu  shall  not 
exceed  6^'f^..  Shear  stresses  shall  be  investigated  at  the  critical  section  defined  in 
(2)   and  at  successive  sections  more  distant  from  the  support. 

2.36  PERMISSIBLE  BEARING  STRESS 

Bearing  stress  in  concrete  on  loaded  area  fi,  shall  not  exceed  O.BOf'c,  but  not 
to  exceed  3350  psi.  Minimum  distance  from  edge  of  bearing  to  edge  of  supporting 
concrete  shall  be  6  in. 

2.37  SERVICEABILITY  REQUIREMENTS 

2.37.1  Application 

For  fiexural  members  designed  with  reference  to  load  factors  and  strengths 
by  LOAD  FACTOR  DESIGN,  stresses  at  service  load  shall  be  limited  to  satisfy 
the  requirements  for  fatigue  in  Article  2.38,  and  the  requirements  for  distribution 
of  reinforcement  in  Article  2.39.  The  requirements  for  deflection  control  in  .\rticle 
2.40  shall  also  apply. 

2.37.2  Service  Load  Stresses 

For  investigation  of  service  load  stresses  to  satisf\'  the  reciuirements  of  .Articles 

2.38  and  2.39,  the  straight-line  theor)-  of  stress  and  strain  in  flexvne  shall  be  used. 
And  the  assumptions  gixen  in  Article  2.27  shall  appl> . 
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2.38  FATIGUE  STRESS  LIMITS 

2.38.1  Concrete 

The  compressive  stress  in  concrete  clue  to  live  load  plus  impact  at  ser\ice  load 
shall  not  exceed  0.5i\  at  sections  where  stress  reversal  occur.  The  O.of'o  stress 
limit  does  not  apply  to  concrete  deck  slabs. 

2.38.2  Reinforcement 

The  range  between  a  maximum  and  minimum  stress  in  straight  reinforc«n\ent 
caused  by  li\e  load  plus  impact  at  service  load  shall  not  exceed  that  given  by: 

ft  =  23.4-0.33  f,„ in  (2-19) 

where       it  =  stress   range  in  steel  reinforcement,  ksi. 

f,„ in  =  algebraic  minimum  stress  level,  tension  positive,  compression  negative, 
ksi 

Bends  in  primary  reinforcement  shall  be  avoided  in  regions  of  high  stress  range. 

2.39  DISTRIBUTION  OF  FLEXURAL  REINFORCEMENT 

Tension  reinforcement  shall  be  well  distributed  in  the  zones  of  maximum 
tension.  When  the  design  yield  strength  fy  for  tension  reinforcement  exceeds 
40,000  psi,  cross  sections  of  maximum  positive  and  negative  moment  shall  be  so 
proportioned  that  the  calculated  stress  in  the  reinforcement  at  service  load  L,  in 
ksi,  does  not  exceed  the  value  computed  by: 

f.=  %=-  (2-50) 

3  Vd.A 

but  f,  shall  not  be  greater  than  0.5  fy,  where 

A  =  effective  tension  area  of  concrete  surrounding  the  main  tension  reinforc- 
ing bars  and  having  the  same  centroid  as  that  reinforcement,  divided  by 
the  number  of  bars,  square  inches.  When  the  main  reinforcement  consists 
of  several  bar  sizes  the  number  of  bars  shall  be  computed  as  the  total 
steel  area  divided  by  the  area  of  the  largest  bar  used. 
dc  =  thickness  of  concrete  cover  measured  from  extreme  tension  fiber  to  center 
of  bar  located  clo.sest  thereto,  inches. 

The  quantity  Z  in  E(i.  (2-50)  shall  not  exceed  170  kips  per  in.  for  members 
in  moderate  exposure  conditions  and  130  kips  per  in.  for  members  in  severe  ex- 
posure conditions.  Where  members  are  exposed  to  very  aggressive  exposure  or 
corrosive  en\  ironments,  such  as  de-icer  chemicals,  the  denseness  and  non-porosit\ 
of  the  protecting  concrete  should  be  considered,  or  other  protection,  such  as  a 
waterproof  protecting  system,  should  be  provided  in  addition  to  satisfying  Ecj. 
(2-50). 

2.40  CONTROL  OF  DEFLECTIONS 

2.40.1  General 

Flexural  members  of  bridge  structures  shall  be  designed  to  have  adecjuatc 
stiffness  to  limit  deflections  or  any  deformations  which  may  adversely  affect  the 
strength  or  serviceability  of  the  structure  at  service  load. 
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2.40.2  Superstructure  Depth  Limitations 

The  minimum  thicknesses  stipulated  in  Table  2.40  are  recommended  unless 
computation  of  deflection  indicates  that  lesser  thickness  may  be  used  without  ad- 
\erse  efi^ects. 

TABLE   2.40— RECOMMENDED   MINIMUM   THICKNESS   FOR 
CONSTANT  DEPTH  MEMBERS' 

Minimum 

Superstructure  Type  Thickness*"* 

(in  feet) 

Bridge  slabs  with  main  reinforcement  parallel  or  per- 
pendicular  to    traffic    ^    '    ^^ 

20 

but  not  less  than 

0.75 

S  +  9 


T-Girders 


15 


Box-Girders    ^  +  ^^ 

17 

"  When  variable  depth  members  are  used,  table  values  may  be  adjusted  to  acc-ount 
for  change  in  relative  stiffness  of  positive  and  negative  moment  sections. 
*"*  Recommended  values  for  simple  spans;   continuous  spans  may  he  about  90  per- 
cent of  thickness  given. 

S  =  span  length  as  defined  in  Article  2.23.6,  in  feet. 

Part  4 
Pile  Foundations 

SPECIFICATIONS  FOR  PILE  FOUNDATIONS 
1978 

4.1  GENERAL 

4.1.1  Scope 

These  specifications  cover  the  investigation,  design  and  construction  of  pile 
foundations. 

4.1.2  Purpose  and  Necessity 

Pile  foundations  are  used  primarily  to  transmit  loads  through  soil  formations 
ha\ing  poor  supporting  properties  into  or  onto  formations  that  are  capable  of 
supporting  the  loads,  or  where  the  possibiUty  of  scour  or  other  disturbance  of  the 
soil   may  cause  a   change  in  the  underlying  foundation  condition. 

Depending  on  subsoil  conditions  and  the  nictliod  of  installation,  the  pile  loads 
ma\  be  transmitted  to  the  supporting  soil  either  through  end  liearing,  friction,  or 
a  combination  of  end  l>earing  and  friction. 


1  References,  Vol.  40,  1939,  pp.  418,  764;  Vol.  41,  1940,  pp.  .369.  84.3;  Vol.  49.  1948. 
p.  254;  Vol.  50,  1949,  pp.  311,  758;  Vol.  52,  1951,  pp.  382,  861;  Vol.  63,  1962,  pp.  276, 
687,;  Vol.   64,   1963,   pp.   226,   624. 

'Latest   page    consist:    1    to    11,   incl.,    (1963). 
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4.2  DESIGN 


4.2.1   Loads 

Pile  foundations  shall  be  designed  to  carry  the  entire  superimposed  load,  includ- 
ing the  weight  of  the  footing  and  o\erlying  loads  supported  by  the  fooling. 

Pile  foundations  shall  be  designed  for  that  reasonable  combination  of  the  fol- 
lowing forces  which  produces  maximum  load  and  in  accordance  with  Art.  4.3. 

Primary: 

(a)  Dead 

(b)  Live 

(c)  Centrifugal  force 

(d)  Earth  pressure 

( e )  Buoyancy 

(f)  Negative  skin  friction 

NOTE:   Live  Load  Impact  is  generally  not  considered  except  in  very  unusual 

situations. 
Secondary   ( Occasional ) 

(g)  Wind  and  other  lateral  forces 
(h)   Ice  and  Stream  flow 

(i)    Longitudinal  forces 
(j)    Seismic  forces 

4.2.2  Load  on  Piles 

When  pile  foundations  are  designed  for  both  primary  and  secondary  forces, 
as  defined  above,  the  allowable  load  on  the  piles  may  be  increased  by  25  percent, 
but  the  number  of  piles  shall  not  be  less  than  is  required  for  primary  forces  alone, 
and  the  minimum  factor  of  safety  for  the  pile  or  pile  group  should  not  fall  below 
2.0.  With  a  group  of  friction  piles,  the  load  on  the  piles  from  primary  forces  shall 
not  be  increased  by  secondary  loads  beyond  the  shear  value  of  the  soil  as  deter- 
mined under  Art.  4.3,  with  a  minimum  factor  of  safety  of  2.0. 

4.2.3  Eccentricity  of  Loads 

The  maximum  design  pile  load  imder  eccentric  loading  shall  not  exceed  the 
allowable  load  as  determined  under  Art.  4.3.  The  piles  shall  be  spaced  so  that  the 
eccentric  load  on  the  foundation  will  be  distributed  as  equally  as  practicable  to  the 
piles  in  the  group.  Consideration  shall  be  given  to  probabilit\  of  additional 
eccentricity  created  by  piles  being  driven  out  of  position  by  the  maximum  allow- 
able tolerance  as  noted  in  Art.  4.5.1.6. 

4.2.4  Uplift  on  Piles 

In  special  cases  when  piles  or  pile  groups  are  subjected  to  uplift,  and  sufficient 
bond  and  anchorage  can  be  provided  between  the  pile  and  the  supported  struc- 
ture, the  uplift  shall  be  considered  in  the  design  of  the  pile  foundation.  The 
uplift  force  considered  in  the  design  shall  not  exceed  the  value  of  friction  between 
earth  and  pile,  or  pile  group,  with  a  minimum  safety  factor  of  2.0. 

The  ultimate  uplift  value  of  an  individual  pile  shall  be  determined  by  jacking 
test  piles  of  identical  type  and  dimension  to  that  used  in  the  design,  and  measur- 
ing the  pull  recjuired  per  square  foot  of  embedded  surface  area  to  raise  the  pile. 
When  a  tension  pile  group  is  involved,  a  group  analysis  shall  also  l)e  undertaken. 
The  maximum  capacity  of  a  tension  pile  group  shall  be  considered  to  be  the 
smaller  of   (a)   the  capacity  of  a  single  pile  multiplied  by  tlie  number  of  piles  in 
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the  group,  or   (b)   the  weight  of  the  block  of  soil  contained   within  the  perimeter 
of  the  groups,  each  with  a  minimum  safety  factor  of  2.0. 

4.2.5  Spacing  of  Piles 

Piles  shall  be  spaced  to  nearly  equalize  their  load  consistent  with  ec-onomical 
design  of  the  footings.  The  spacing  of  piles  shall  depend  upon:  the  type  of  pile; 
that  is,  whether  friction  or  end  bearing;  the  structural  and  crushing  strength;  and 
the  type  of  material  sustaining  the  pile.  Generally,  piles  should  be  spaced,  center 
to  center,  at  least  three  times  the  minimum  butt  width  of  the  pile.  Piles  should  be 
spaced  far  enough  apart,  or  other  suitable  means  used,  to  pre\ent  heaving  or  up- 
lifting of  adjacent  piles  during  driving. 

In  small  groups,  the  piles  may  be  battered  to  enlarge  the  area  sustaining  the 
group,  thereby  increasing  the  load-carrying  capacity  of  the  group  without  unreason- 
ably increasing  the  size  of  the  foundation.  End-bearing  piles  may  Ix*  spaced  in 
accordance  with  the  capacity  of  the  pile  and  the  end-bearing  stratum  that  will 
carry  the  design  load.  Where  there  is  reason  to  believe  that  the  soil  will  not  sup- 
port the  piles  superimposed  loading,  a  deep  footing  analysis  shall  be  employed  to 
verify  the  bearing  capacity  of  the  sub-strata. 

When  determining  spacing  of  piles  in  granular  soils,  consideration  shoidd  be 
given  to  the  increased  difficulty  of  driving  due  to  the  increased  soil  density  that 
will  occur  because  of  soil  packing  or  consolidation  within  the  pile  group. 

4.2.6  Batter  Piles 

Piles  may  be  battered  to  help  resist  longitudinal  and  lateral  forces.  Where 
longitudinal  or  lateral  loads  are  large,  a  sufficient  number  of  piles  ma\'  l>e  battered 
to  take  these  loads.  Such  piles  shall  be  designed  to  carry  horizontal  forces  com- 
bined with  their  share  of  the  vertical  loads.  In  general,  batter  should  not  exceed 
3  (horizontal)  to  12  (vertical)  due  to  increased  difficulty  in  driving  piles  with  a 
greater  batter. 

Where  large  pile  groups  are  involved;  where  clearance  problems  limit  the 
pile  area;  where  horizontal  loads  are  small;  or  in  areas  of  the  countrj-  where  earth- 
quake loading  makes  the  use  of  batter  piles  undesirable;  the  foundation  sh;dl  be 
specially  designed  to  include  the  horizontal  force  in  the  loads  on  the  \ertical  piles. 
In  such  a  case,  the  piles  shall  be  designed  to  resist  all  loads,  and  the  stnioture 
designed  for  the  horizontal  mo\ement  to  be  encountered. 

4.2.7  Scour 

The  possible  effects  of  scour  to  pile  foiuidations  located  in  or  adjacent  to 
water  should  be  reviewed  as  part  of  the  total  foundation  design. 

When  there  is  a  possibility  that  the  upper  portion  of  the  soil  fomiations  ma>" 
be  removed  by  scour,  the  piles  or  pile  group  shall  be  designed  to  ha\e  adequate 
bearing  capacity  and  lateral  support  below  the  projected  depth  of  scx>ur.  The 
free  standing  portions  of  the  exposed  piles  shall  be  designed  as  columns. 

Detennination  of  the  probable  depth  of  scour  at  a  given  location  may  have 
to  be  based  largely  on  past  records  of  stream  bed  erosion  or  wave  action  in  the 
area,   and  how  it  has  affected  existing  structures. 

4.3  ALLOWABLE  LOAD  ON  PILES 

4.3.1   Subsurface  Investigation 

Test  borings  shall  be  made  at  enough  locations  and  to  a  sufficient  depth  below 
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the  anticipated  tip  ek'\ation  of  the  piles  to  determine  adequately  the  character  of 
tlie  material  through  which  the  piles  are  to  be  driven  and  of  the  materials  under- 
l>iny  the  pile  tips.  The  results  of  the  borings  and  soil  tests,  taken  into  considera- 
tion with  the  function  of  the  piles  in  service,  will  assist  in  determining  the  type, 
spacing  and  length  of  piles  that  should  he  used  and  whether  the  piles  will  be  end 
bearing,   friction  bearing  or  a   combination  of  both  types. 

The  subsurface  in\estigation  should  l)e  made  in  accordance  with  provisions 
outlined  in  Part  22  of  this  chapter. 

4.3.2  End  Bearing  Piles  • 

A  pile  may  be  considered  end  bearing  when  it  passes  through  soil  having  low 
frictional  resistancx^  and  has  its  tip  resting  on  impenetrable  material  such  as  rock, 
or  enters  other  material  that  offers  rapidly  increasing  resistance  to  further  penetra- 
tion. The  capacity  of  end-liearing  piles  depends  on  the  bearing  capacity  of  soil 
or  rock  material  underlying  the  piles,  and  upon  the  structural  capacit%-  of  the  pile 
material.  The  dynamic  characteristics  of  the  soil-hammer-hammer  cushion-pile 
system  coupled  with  installation  technique  will  determine  the  abilitj-  of  the  pile 
to  penetrate  o\erIaying  strata  and  to  reach  the  bearing  stratum. 

Allowable  stresses  for  pile  materials  are  given  elsewhere  in  Part  4  of  this 
chapter.  When  end-bearing  piles  pass  through  imconsolidated  materials,  considera- 
tion should  be  given  in  design  to  the  additional  load  (negative  skin  friction)  that 
may  be  imposed  on  the  pile  as  the  material  consolidates  above  the  bearing  stratvun. 
The  bearing  stratmn  must  be  of  sufficient  thickness  and  strength  to  support  tlie 
entire  pile  group  loading.  The  design  load  shall  preferably  be  determined  by  load- 
ing test  piles.  In  addition,  an  analysis  of  the  group  of  piles  must  show  that  the 
allowable  load  on  the  soil  or  rock  supporting  material  is  not  exceeded. 

4.3.3  Friction  Piles 

A  friction  pile  derives  its  support  principally  from  the  surrounding  soil  through 
the  development  of  shearing  or  frictional  resistance.  The  capacity  of  friction  piles 
depends  upon  the  ability  of  the  soil  to  carry  the  load  distributed  by  the  piles 
within   the  limits   of  settlement  that  can  be  tolerated   by  the  structure. 

The  design  load  shall  preferably  be  determined  by  loading  test  piles  in  accord- 
ance vdth  the  provisions  of  Art.  4.3.6.  Where  groups  of  piles  are  driven  into 
plastic  materials,  consideration  should  be  given  not  only  to  the  allowable  load  per 
pile,  but  also  to  the  total  load  that  can  be  safely  assigned  to  the  group.  The 
design  load  shall  be  determined  by  loading  a  group  of  piles  or  by  making  an 
allowance  for  the  difference  between  the  capacity  of  a  single  pile  and  a  group  of 
piles  by  means  of  block  analysis.  A  single  row  of  piles  need  not  be  considered  as 
a  group,  provided  the  piles  are  spaced  at  least  three  times  their  butt  width. 

In  many  cases  a  study  of  the  borings  and  the  estimation  of  approximate  soil 
constants  will  determine  the  ability  of  the  soil  to  carry  the  distributed  loads.  In 
foundations  involving  cohesive  soils,  the  load-settlement  relationship  should  be 
investigated  by  recognized  geotechnical  methods  and  procedures. 

4.3.4  Lateral  Support 

A  fully  embedded  pile  can  generally  l>e  considered  laterally  supported.  A 
pile  that  is,  or  may  be  as  a  result  of  scour,  in  air  or  water,  or  which  ma>'  Ix'  in 
inu;k,  peat,  thin  mud  or  fluid  material,  shall  be  investigated  for  the  allowable 
capacity  by  the  methods  given  in  the  Report  of  ACI  Committee  543  "Recommenda- 
tions  for   Design,   Manufacture,  and  Installation  of  Concrete  Piles." 

Bui.   670 
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4.3.5  Pile  Length  Determination 

The  determination  of  the  most  satisfactory  and  economical  length  of  piles  is 
one  of  the  key  factors  in  securing  an  adequate  foundation.  In  addition  to  informa- 
tion that  can  be  developed  through  soil  borings,  pile  driving  tests,  pile  load  tests, 
and  pile  driving  formulas,  the  use  of  the  one-dimensional  wave  equation  can  be  a 
valuable  tool  on  large  or  difficult  foundations,  and  is  recommended  for  design 
and    field   control   purposes.^ 

4. .3. 5.1  Estimated  Tip  Elevation  andt  Estimated  Length 

At  each  boring  location,  using  recognized  geotechnical  methods,  calculate  the 
theoretical  length  of  piles  considering  contributions  from  both  bearing  and  fric- 
tional  resistance.  Piles  in  very  deep  deposits  are  likely  to  receive  support  primarily 
through  friction,  whereas  relatively  shallow  hardpan  or  rock  conditions  are  likely 
to  provide  support  primarily  through  end  bearing.  Many  foundation  conditions 
will  provide  both  bearing  and  frictional  support. 

At  each  individual  boring,  select  and  tabulate  an  estimated  tip  elevation  and 
an  estimated  pile  length  based  on  the  design  cutoff  elevation. 

4.3.5.2  Minimum  Tip  Elevation 

At  each  boring  location,  compute  a  minimum  tip  elevation  above  which  no 
structure  piles  will  be  permitted  to  stop.  The  minimum  tip  elevation  reflects  the 
design  intent  of  the  pile  foundation  design  and  is  determined  by  a  mature  engi- 
neer's review  of  the  estimated  tip  elevations,  recognizing  practical  aspects  of 
foundation  construction  practice.  As  an  example,  if  geotechnical  calculations 
demonstrate  that  piles  should  penetrate  into  a  hardpan  layer  at  varving  depths, 
the  minimum  tip  elevation  will  be  shown  at  the  top  of  this  laver.  In  certain  cases 
field   conditions   during  driving  may  modif>'   this  elevation. 

The  minimum  tip  elevation  will  usually  be  above  the  estimated  tip  elevation. 

4.3.5.3  Wave  Equation 

The  use  of  the  one  dimensional  wave  equation  will  greatly  assist  die  engineer 
and   contractor  in  detennining  the  adequacy  of  the  project  as  plarmed. 

By  the  use  of  this  tool  several  values  will  be  obtained:  (1)  the  abilitj-  of 
the  soil-hanuner-hammer  cushion-pile  system  to  obtain  the  required  design  capacity, 
(2)  the  estimated  blows  per  foot  needed  to  obtain  the  required  ultimate  load  at 
the  estimated  depth,  (3)  the  means  whereby  the  required  blows  per  foot  at  otlier 
depths  can  be  evaluated,  (4)  a  means  of  evaluating  the  required  blows  per  foot 
when  the  hammer  fails  to  produce  the  manufacturer's  rated  energy. 

When  this  procedure  is  followed,  the  engineer  can  have  the  opportmiit>'  to 
modify  his  design  before  construction  is  started,  and  the  contractor  can  be  ap- 
praised of  his  hammer  requirement. 

This  procedure  is  recommended  for  all  large  and /or  important  projects. 


1  "Foundation  Engineering,"  Peck,  R.  B.,  Hanson,  \V.  E.,  and  Thoniburn,  T.  H.,  John 
Wiley  &  Sons,  2nd  Ed.,  New  York,  1974.  Davisson,  M.  T.,  (1975),  "Pile  Load  Capacity," 
Proceedings,  Seminar  Series,  Design,  Construction,  and  Performance  of  Deep  Fomidations, 
ASCE — U.   of  California,  Berkeley. 
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4.3.5.4  Pile  Driving  Formulas 

Man>-  dynamic  pile  dri\ing  formulas  have  been  developed  as  an  aid  in  deter- 
mining pile  capacities.  While  such  formulas  serve  a  useful  iiurpose,  particularly  on 
smaller  projects  greater  accuracy  and  economy  can  usually  be  obtained  by  use  of 
the  wave  equation  method  as  described  in  Article  4.3.5.3.  If  pile  driving  formulas 
are  proposed  for  use,  formulas  that  take  into  account  the  relationship  between  the 
weight  of  pile  and  weight  of  the  pile  hammer  striking  parts  should  be  used. 

4.3.5.5  Plan  Tip  Elevations 

1.  Friction  Piles 

For  those  piles  which  can  be  considered  to  act  as  true  friction  piles,  e.g.,  no 
end  bearing  stratum  is  in  evidence  within  reasonable  deptlis,  only  a  design  tip 
elevation  is  required.  In  uniform  soils,  where  a  complete  soil  investigation  has 
determined  the  tip  elevation,  no  further  driving  criteria  is  required,  except  the 
statement  that  the  piles  must  be  driven  to  the  design  tip  elevation.  A  variation  in 
the  rate  of  penetration  at  the  required  tip  elevation  would  indicate  a  variable 
soil  layer,  and  a  reappraisal  of  the  tip  elevation  will  be  required. 

2.  Combined  Bearing  and  Friction  Piles,  or  Bearing  Piles 

Plans  and  specifications  should  require  that  all  piles  be  driven  to  the  minimum 
tip  elevation  shown  on  the  plans.  At  the  minimum  tip  elevation,  driving  shall  be 
continued  until  the  required  resistance  is  achieved,  as  determined  by  the  load 
tests,  a  wave  equation  analysis,  or  some  pile  driving  formula  specified  by  the 
engineer.  The  latter  provision  will  insure  against  variations  in  the  consistency  and 
depth  of  the  bearing  layer.  An  important  judgment  factor  is  selection  of  required 
hammer  energy,  type,  and  cushion.  This  decision  can  best  be  achieved  by  a  wave 
equation  analysis. 

3.  Estimated  Lengths 

The  plans  should  show  estimated  lengths  which  would  have  been  used  for 
calculation  of  the  engineer's  estimate,  and  will  provide  the  bidders  with  a  reason- 
able basis  for  pricing  the  pile  foundations. 

4.3.6  Pile  Driving  and  Loading  Tests 

4.3.6.1  Driving  Tests 

Where  variable  soil  conditions  are  known  to  exist,  the  following  procedure  is 
suggested.  A  few  of  the  structure  piles  should  be  selected,  including  at  least  one 
from  each  substructure  unit  of  the  bridge  or  structure,  and  they  should  be  driven 
first  before  other  service  piles  are  ordered.  Their  installations  should  be  designated 
as  Pile  Driving  Tests.  A  separate  pay  item  should  be  provided,  to  cover  Piles 
Installed   by  Pile   Driving  Tests. 

Where  practicable,  piles  installed  by  driving  tests  should  have  dieir  tips  car- 
ried five  to  ten  feet  below  the  estimated  tip  elevation  for  the  service  piles  at  each 
particular  location.  Driving  records  for  each  foot  of  driving  of  each  pile  shall  be 
kept  and  plotted  in  the  field  to  provide  exploratory  information.  The  plot  should 
he  on  a  log  containing  the  generalized  information  from  the  nearest  structure 
boring.  This  record  will  provide  an  InuncdiatL'  (.oriclation  of  driving  resistance  and 
sub-soil  conditions  for  the  pile,  hammer  and  cushion  arrangement  being  used.  The 
record  will  also  provide  information  on  which  to  select  suitable  locations  for  future 
load  tests  if  required.  (Load  tests  should  be  applied  only  to  standard  service 
piles,    not   to   piles   installed    by   pile   driving    tests.    This   is    because   piles   installed 
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by  pile  driving  tests  are  deliberately  overdriven  and  therefore  are  not  typical  of 
the  service  piles. ) 

Piles  installed  by  driving  tests  are  recommended  both  for  the  situation  where 
later  load  tests  are  to  be  performed  and  where  load  tests  are  not  expected  to  be 
performed.  The  driving  tests  are  of  particular  importance  where  load  tests  are  not 
contemplated,  because  in  that  case  they  provide  the  only  correlation  between  soil 
boring  data  and  driving  data. 

If  possible,  piles  installed  by  driving  tests  should  always  be  placed  in  a  posi- 
tion where  they  can  serve  as  service  piles  in  the  completed  structure.  It  is  per- 
missible on  small  projects  to  over-drive  all  service  piles  ( similar  to  the  installation 
by  driving  tests  described  above)  in  lieu  of  load  testing  which,  from  a  cost  stand- 
point, may  not  be  practical. 

4.3.6.2  Pile  Load  Tests 

Pile  load  tests  are  considered  essential  for  large  or  important  jobs,  or  in  sub- 
surface conditions  where  there  Is  little  precedent  for  major  construction.  To  date 
they  give  us  the  best  knowledge  of  the  probable  capacity  of  an  individual  pile. 

It  is  preferred  that  load  tests  be  carried  to  failure  to  determine  the  true  fac- 
tor of  safety  for  the  proposed  design.  If  the  margin  of  safety  is  higher  or  lower 
than  desired,  driving  and  elevation  criteria  can  be  modified.  If,  due  to  ver>'  high 
loads,  tests  to  failure  are  not  practicable,  testing  should  be  carried  to  not  less  than 
twice  the  design  load.  Test  loads  should  not  exceed  the  ultimate  capacity  of  the 
pile  as  a  structural  member,  or  the  capacity  of  the  jack  frame. 

The  test  apparatus  and  procedure  shall  be  made  In  accordance  with  ASTM 
Designation  Dl  143-74  "Standard  Method  of  Testing  Piles  Under  Axial  Compressi\e 
Load." 

By  analyzing  and  interpreting  the  load  tests  with  the  dri\ing  test  data  and 
subsoil  information,  it  will  be  possible  to  affirm  the  adequacy  of  the  design  and  the 
installation   criteria   and   introduce   field  modifications   as   may  be  necessary. 

4.4  PILE  TYPES 

4.4.1  General 

Selection  of  the  type  of  foundation  pile  for  a  particular  structure  should  be 
based  on  the  following  criteria: 

(a)  Design  load  per  pile  or  pile  group. 

(b)  Type  of  foundation  material  to  be  penetrated. 

(c)  Relative  costs  of  the  piles  and  pile  driving. 

(d)  Equipment  available  for  driving  piles. 

(e)  Availability  of  desired  pile  type. 

(f)  Special    considerations    based    on    specific    job    conditions,    including,    but 
not  limited  to 

( 1 )  Restricted  space  for  pile  driving 

(2)  Possible   damage    to   existing   stnictures 

(3)  Exposure  to  sea  water 

( 4 )  Possible   damage   from   marine  organisms 

(5)  Chemical  attack 

(6)  Possible   damage   to   adjacent   structures   caused   by   \ibration  or  soil 
movement  during  driving 

(7)  Noise  level  during  driving 
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4.4.2  Timber  Piles 

Timber  piles  shall  conform  to  the  AREA  Specifications  for  wood  piles.  Chap- 
ter 7,  Parts  1  and  3.  If  treatment  is  required,  it  shall  conform  to  AREA  specifica- 
tions for  wood  preservation,  Chapter  3. 

For  a  timber  pile  which  is  primarily  a  friction  pile,  the  maximum  allowable 
load  in  pounds  shall  be  computed  by  multiplying  the  tip  area  in  square  inches 
(small  end)  by  the  figure  1200;  the  maximum  load  thus  being  equivalent  to  1200 
psi  acting  at  the  tip. 

For  a  timber  pile  that  is  primarily  a  point  bearing  pile,  the  maximum  allow- 
able load  shall  be  computed  as  above,  but  using  the  figure  800  instead  of  1200. 

4.4.3  Steel  Piles 

4.4.3.1  Types 

This  type  of  piling  shall  include  all  steel  H-section  piles  and  open  end  steel 
pipe  piles. 

4.4.3.2  Material 

All  steel  used  for  the  piles  shall  conform  to  the  ASTM  Designation  A36  for 
H  Pile  sections,  and  A  252  for  pipe  sections.  Special  steels  may  be  used  for  cor- 
rosion protection  or  other  purposes,  but  where  welding  is  required,  weldabilit}' 
must  be  assured. 

4.4.3.3  Size 

The  minimum  depth  of  a  steel  H  section  shall  be  8  in.  The  minimum 
thickness  of  metal  in  the  flange  or  web  shall  be  %  in.  The  flange  width  shall  be 
not  less  than  85  percent  of  the  depth  of  the  section. 

The  minimum  outside  diameter  of  open-end  pipe  piles  shall  be  8/8  in.  The 
minimum   wall  thickness  shall  be  %  in. 

4.4.3.4  Splices 

Full-length  piles  shall  be  used  wherever  practicable,  but  if  splices  cannot  be 
a\oided,  an  approved  method  of  splicing  shall  be  used  which  will  develop  the 
full  strength  of  tlie  pile.  Piles  shall  not  he  splices  except  by  permission  of  the 
engineer,  who  must  also  approve  all  splice  locations. 

4.4.3.5  Pile  Caps 

In  general,  steel  bearing  caps  are  not  required  on  steel  H  piles  embedded  at 
least  1  ft  in  concrete,  pro\iding  the  footing  reinforcement  is  adequately  designed 
to  transmit  the  imposed  loads. 

4.4.3.6  Protection  Against  Corrosion 

Steel  piles  that  will  he  exposed  to  corrosive  environments  shall  be  protected 
by  concrete  encasement  or  other  suitable  means;  such  as  specially  fornuilated  epoxy, 
bituminous  coatings,  or  additional  steel  thickness.  Protection  at  ground  surfaces 
or  normal  water  lines  shall  be  provided  and  shall  extend  at  least  1  ft  above  and 
3  ft  below  the  ground  surface  or  low-water  line.  Concrete  protection,  where  pro- 
vided shall  have  a  miniinuni  thickness  of  4  in.  and  shall  contain  nonu'nal  steel 
reinforcement. 

Structural  steel  piles  shall  not  be  used  tlirough  active  corrosion-inducing  mate- 
rial or  where  electrolysis  may  occur,  without  adequate  provision  for  the  protection 
of  such  piles. 
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4.4.3.7  Allowable  Stresses 

The  allowable  load  per  pile  shall  be  determined  as  specified  in  Article  4.3,  but 
the  unit  stresses  due  to  axial  load  shall  not  exceed  12,600  psi.  Due  allowance  shall 
be  made  for  any  bending  stresses  caused  by  horizontal  or  eccentric  loads  and,  con- 
sideration given  to  any  column  action  of  an  unsupported  pile. 

4.4.3.8  Pile  Tip  Reinforcement 

Pile  tip  reinforcement  may  be  required  to  prevent  damage  to  H  piles  when 
driving  through  heavy  gravel,  boulders,  or  formations  known  to  contain  obstruc- 
tions, or  when  driving  end  bearing  piles.  Heavy  cast  steel  tips  are  rec-ommended  for 
this  purpose  where  the  conditions  so  justify  their  use. 

4.4.4  Precast  Concrete  Piles 

4.4.4.1  General 

This  type  of  piling  includes  both  conventionally  reinforced  concrete  piles  and 
prestressed  concrete  piles.  Both  types  can  be  formed  by  either  casting,  centrifugal 
casting  or  extrusion  methods.  They  are  made  in  various  cross  section  shapes  such  as 
square,  octagonal  and  round.  Often  such  piles  are  cast  with  a  hollow  c-ore.  The 
piles  are  usually  of  constant  cross  section  but  may  have  a  tapered  tip. 

Precast  concrete  piles  must  be  designed  and  manufactured  to  withstand  handling 
and  driving  stresses  in  addition  to  service  loads.  The  workmanship,  material  and 
proportioning  shall  conform  to  the  requirements  specified  in  the  AREA  Specifications 
for  Concrete  and  Reinforced  Concrete,  Part  1,  tliis  chapter. 

4.4.4.2  Design 

The  minimum  acceptable  diameter  or  side  dimension  for  dri\en  piles  is  iLSually 
8  in.  This  may  be  satisfactory  for  short  piles  which  are  lightK-  loaded,  however,  as 
a  general  rule,  it  is  recommended  that  the  minimum  average  dimension  be  10  in. 
except  that  the  pile  tip  may  be  8  in.  Piles  may  be  pointed  or  not  as  directed  by  the 
engineer. 

4.4.4.3  Manufacture 

Most  precast  piles  are  now  produced  in  established  commercial  plants  or  cast- 
ing yards,  where  good  quality  control  practices  can  be  followed  at  all  stages  of 
manufacture  and  handling. 

The  manufacture  of  the  various  types  of  precast  concrete  piles  shall  be  in 
accordance  with  Chapter  4  of  American  Concrete  Institute  (ACI)  Committee  543 
report  titled  "Recommendations  for  Design,  Manufactiue,  and  Installation  of 
Concrete  Piles,"  as  currently  revised. 

4.4.4.4  Cut-Off 

Precast  piles  shall  be  driven  to  or  cut  off  widiin  2  in.  of  the  elexation  shown 
on  the  plans,  but  in  all  cases  the  cut-off  shall  be  below  any  indication  of  fracture. 
If  piles  are  cut  off  or  dri\en  below  the  required  elevation,  they  shall  be  built  up  to 
the  cut-off  line  as  determined  by  the  engineer.  Standard  details  are  to  be  shown  on 
the  project  plans. 

4.4.4.5  Allowable  Stresses 

The  allowable  load  per  pile  shall  be  determined  as  specified  in  Section  4.3,  but 
the  concrete  unit  stresses  shall  not  exceed  0.3  f'c  with  a  maximum  of  1.6(X)  psi. 
Other  stresses  shall  conform  to  the  requirements  of  Parts  2  and  17  in  this  chapter. 
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4.4.5  Cast-in-Place  Concrete  PUes 


4.4.5.1  Types 

Cast-in-Place  piles  shall  be  cast  in  previously  driven  metal  casings  or  shells 
which  shall  remain  permanently  in  place.  They  may  be  tapered  or  cylindrical,  or 
a  combination  of  tapered  and  cylindrical  shapes. 

4.4.5.2  Tapered  Piles 

Tapered  piles  shall  be  not  less  than  8  in.  in  diameter  at  the  tip  and  shall  be 
uniformly  tapered  at  the  rate  of  not  more  than  1  in.  in  8  ft.,  or  step  tapered,  at  the 
same  average  rate. 

4.4.5.3  Cylindrical  Piles 

Cylindrical  piles  shall  have  a  minimum  pile  diameter  of  8  in. 

4.4.5.4  Pipe  Casings  and  Shells 

Pipe  casings  dri\en  without  a  mandrel  shall  be  formed  of  steel  conforming  to 
ASTM  designation  A2.52,  Grade  2.  Metal  shells  driven  with  a  mandrel  shall  have  a 
tiiickness  of  not  less  dian  No.  16  USMSG  and  a  minimum  yield  strength  of  30,000 
psi.  Casings  shall  be  in  one  integral  piece  or  adequately  spliced,  and  shall  be  of 
sufficient  thickness  to  withstand  installation  pressures  without  leakage  or  harmful 
distortion. 

All  piles  shall  be  equipped  with  approved  watertight  flat  plates  or  conical  points 
welded  to  the  tip  end  of  the  casing.  The  end  closures  approved  for  cylindrical  piles 
shall  not  project  the  diameter  of  the  pile  casing  when  used  on  friction  piles. 

4.4.5.5  Placing  Concrete 

Casings  or  shells  shall  be  inspected  and  approved  by  the  engineer  immediately 
before  any  concrete  is  placed.  A  suitable  light  shall  be  used  to  inspect  the  entire 
length.  Any  accumulated  foreign  matter,  or  water  shall  be  removed  before  the 
concrete  is  placed.  Any  broken  or  otherwise  defective  shells  shall  be  corrected  by 
removal  and  replacement,  or  by  driving  an  additional  pile,  as  directed  by  the  engi- 
neer. Concrete  ha\ing  a  minimum  compressive  strength  of  at  least  2500  p.s.i.  at 
28  days  shall  be  used  to  fill  the  shell.  The  placing  of  the  concrete  shall  be  carried 
out  as  a  continuous  operation  from  the  tip  to  the  cut-off  elevation,  and  shall  l)e 
l>erformed  in  such  a  manner  as  to  minimize  segregation  and  insure  complete  filling 
of  the  casing  or  shell. 

No  pile  shall  be  driven  within  15  ft  of  a  pile  that  has  been  filled  widi  concrete 
for  more  than  2  hours  but  less  than  24  hours.  The  driving  procedure  for  any  par- 
ticular project  shall  be  appro\ed  by  the  engineer  in  charge,  before  connnencing 
work. 

4.4.5.6  Allowable  Stresses 

The  allowable  load  per  pile  shall  be  determined  as  specified  in  Art.  4.3,  but 
the  unit  stres.ses  shall  not  exceed  the  following: 

Concrete:   0.-3   of   the  ultimate  compressive  unit   strength   of   the  concrete   used, 

but  not  to  exceed   1,600  psi. 
Steel:  The   unit  stresses  shall  not  exceed   12,600  psi. 

4.4.5.7  Protection  Against  Corrosion 

(To  apply  if  the  steel  casing  is  used  in  computing  the  strength  of  the  pile.) 
Piles  that  will  be  exposed  shall  be  protected  from  corrosion  as  specified  in  Art. 
4.4.3.6  of  this  chapter. 
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If  the  strength  of  the  steel  is  considered  in  computing  the  strength  of  the  pile, 
the  pile  shall  not  be  used  through  active  rust-inducing  material  or  where  electrolysis 
may  occur  without  adequate  provision  for  the  protection  of  such  pile. 

4.4.5.8  Reinforcement 

Cast-in-place  piles  may  be  reinforced  to  provide  needed  bending  strength,  or 
for  uplift  anchorage.  When  used,  the  reinforcing  steel  should  be  preassembled  into 
cages  and  accurately  placed  in  accordance  with  design  drawings.  The  reinforcement 
should  be  clean  of  foreign  material  that  could  affect  bond,  and  securely  positioned 
before  concrete  fill  is  placed. 

4.4.6  Augered  Cast-In-PIace  Piles 

4.4.6.1  General 

Augered  Cast-In-Place  piles  are  primarily  used  as  friction  piles.  They  are 
installed  by  rotating  a  continuous  flight  hollow-shaft  auger  into  the  ground  to  a 
predetermined  pile  depth.  High-strength  mortar  is  pumped  with  sufficient  pressure 
as  the  auger  is  withdrawn,  to  fill  the  hole  preventing  hole  collapse  and  causing  the 
lateral  penetration  of  the  mortar  into  soft  or  porous  zones  of  the  surrounding  soil. 
A  head  of  at  least  several  feet  of  mortar  above  the  injection  point  is  carried  around 
the  perimeter  of  the  auger  at  all  times  during  the  raising  of  the  auger  so  tliat  the 
high  strength  mortar  has  a  displacing  action  remo\ing  any  loose  material  from  the 
hole. 

4.4.6.2  Design 

The  length  of  pile  will  be  determined  from  the  examination  of  tlie  soil  borings 
using  the  shear  value  of  the  soil,  and  preferably,  \  erified  by  pile  load  tests  as  de- 
scribed in  Art.  4.3.6.2.  Recommended  pile  loads  for  varying  pile  diameters,  depend- 
ing on  soil  strengths,  are  given  in  the  chart  below. 

Normal  Required 
Nominal  Size  Normal  Compressian  Strength 

of  Pile  Loading  Range  of  Mortar 

(Inches)  Tons  (PSI) 


12  in. 

10^0 

2000-2500 

14  in. 

40-75 

2500-4000 

16  in. 

75-100 

3000-^000 

4.4.6.3  Tension  Piles 

Where  tension  is  required,  a  special  continuous  flight  hollow -shaft  auger  shall 
be  rotated  into  the  ground  to  the  required  depth.  A  steel  bar  shall  be  inserted  into 
the  hollow  center  shaft  of  tiie  auger.  The  auger  head  closure  shall  be  detached 
allowing  the  steel  bar  to  remain  in  place  and  be  centered  in  the  tension  pile  as  the 
continuous  flight  auger  is  slowly  withdrawn  from  tiie  hole.  During  this  withdrawal 
process,  high  strength  mortar  shall  be  placed  under  pressure  through  the  space  be- 
tween the  steel  rod  left  in  place  and  tlie  wall  of  tlie  hollow  shaft  auger. 
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4.5  INSTALLATION  OF  PILES 

4.5.1  Driven  Piles 

Piles  shall  be  dri\en  with  steam,  air,  or  dlesel  powered  hammers.  Size  of  the 
type  of  hammer  used  should  be  determined  by  guidelines  noted  in  Article  4..5.1.1. 
The  hauuner  shall  be  operated  at  all  times  at  pressures  and  speeds  recommended 
by  tlie  manufacturer.  Use  of  vibratory  type  hammers  may  be  allowed  if  pile  capaci- 
ties have  been  detemiined  by  load  tests.  Use  of  a  gravity  drop  hammer  for  driving 
piles  should  be  limited  to  relatively  unimportant  foundations  where  uniform  pile 
capacity  is  not  critical. 

4.5.1.1  Selection  of  Hammer-Cushion  Combination 

Preliminary  selection  of  the  hammer-cushion  combination  for  drixing  piles  can 
be  made  with  the  following  guide: 

Steel  Piles — Air  or  Steam  Operated  Hammers 

Minimum  size:    170  ft-lb.  of  rated  energy  per  ton  of  pile  service  load.   Stiff 

or  hard   internal   cushion. 
Desired  size:       250-340  ft-lb.  of  rated  energy  per  ton  of  pile  service  load. 

Moderately   stiff   to  soft    (wood)    internal   cushion. 
Diesel  Hammers 

Use  100  to   135%  of  size  determined  for  air  or   steam  hammers. 
Use  standard   (stiff)   internal  cushion. 
Mandrel-Driven  Piles — Same  as  Steel 

Precast   or  Prestressed  Concrete  Piles — Air  or  Steam   Operated   Hammers 
Desired  size:    250  ft-lb.   of  rated  energy  per  ton  of  pile  ser\ice  load.   Use 

wood,   or   equivalent,   internal   cushion. 
Pile  Cushion:   Design    by    one-dimensional    wave    theory,    or    by    experience. 
Diesel  Hammers 

Use   100-135%  of  size  determined  for  air  or  steam   hammers. 
Use  standard   (stiff)   internal  cushion. 
Wood   Piles — Air   or   Steam   Operated    Hammers 

For  normal  capacity  piles  (up  to  30  tons  service  load)  excluding  ab- 
normally large  timbers  or  fabricated  sections,  use  15,000-ft-lb.  maximum 
rated  energy  with  a  wood  internal  cushion.  Diesel  hammers  may  be  rated 
up  to  20,000  ft-lb.  with  standard   (stiff)   internal  cushions. 

The  foregoing  preliminary  selection  of  hammer  and  cushion  combinations 
should  preferably  be  confirmed  by  a  wave  equation  analysis  of  pile  driving  indi- 
cating that  pile  yield  stresses  are  not  exceeded  and  that  the  desired  ultimate  load 
capacity  can  be  achieved.  See  Section  4.3.5.3. 

4.5.1.2  Pile  Leads 

Pile  dri\ers  shall  have  firmly  supported  leads  extending  from  the  higiiest  point 
to  the  lowest  point  that  the  hammer  must  travel.  The  leads  should  l)e  supported 
independently  of  the  pile  and  ccmstructed  to  guide  and  stay  the  pile  during  driving. 

4.5.1.3  Splicing 

Driving  shall  be  continued  vmtil  the  plan  tip  elevation  is  reached  or  until  the 
rate  of  penetration  specified  is  obtained.  If  the  proper  resistance  to  dri\ing  is  not 
attained  at  the  plan  cut-off,  die  driving  shall  be  continued  and  the  additional 
length  of  pile  required  shall  be  supplied  by  splicing  in  such  a  way  as  to  develop 
the   full   strength   of   the  section   of   the  pile.   The  splice  shall  be  made  a  sufficient 
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distance,   but   not   less   than    1    ft   above   the   ground   or   water   surface   so   that  the 
splice  can  be  observed  during  subsequent  driving. 

4.5.1.4  Jetting 

Piles  may  be  jetted,  when  pennitted  by  the  engineer,  either  by  use  of  water  jets 
alone  or  in  combination  with  the  hammer.  The  volume  and  pressure  of  the  water 
at  the  jet  nozzles  shall  be  sufficient  to  freely  erode  the  material  adjacent  to  the  pile. 
Before  the  desired  penetration  is  reached,  jetting  shall  be  discontinued  at  the  ele- 
vation specified  by  the  engineer  and  the  piles  driven  to  required  penetration  or 
resistance. 

4.5.1.5  Preboring 

Where  piles  must  be  installed  tlirough  strata  offering  high  resistance  to  driving, 
where  jetting  would  cause  damage,  to  prevent  excessive  heaving  of  cohesive  soils, 
for  driving  through  impenetrable  material  or  for  other  valid  reasons,  the  engineer 
may  require  or  permit  holes  to  be  bored  with  a  power  auger  or  other  equipment 
especially  designed  for  the  purpose.  Depending  upon  the  reasons  for  preboring,  the 
diameter  of  the  hole  shall  be  as  directed  by  the  engineer  to  obtain  the  proper  pile 
penetration  and  carrying  capacity.  The  pile  shall  be  inserted  into  the  hole  immedi- 
ately after  boring  and  be  driven  to  required  penetration  or  resistance. 

4.5.1.6  Improperly  Driven  and  Damaged  Piles 

Piles  shall  be  driven  within  3  in.  of  the  plan  location.  \'ariations  of  more  than 
}i  in.  per  ft  from  the  vertical,  or  from  the  batter  line  when  batter  piles  are  required, 
may  be  subject  to  rejection  by  the  engineer.  Any  pile  so  out  of  line  or  plumb  as 
to  impair  its  usefulness  shall  be  pulled  and/or  an  additional  pile  driven,  as  required 
by  the  engineer.  Any  pile  so  injured  in  driving  or  handling  as  to  impair  its  struchiral 
capacity  as  a  pile  under  the  conditions  of  use  shall  be  replaced  by  a  new  pile,  or 
the  injured  part  shall  be  replaced  by  splicing  or  other  remedial  measures — all  as 
directed  by  the  engineer. 

4.5.1.7  Redriving  of  Heaved  Piles 

Previously  driven  piles  shall  be  carefully  checked  during  the  driving  of  adjacent 
piles  and,  if  any  uplift  occurs,  they  shall  be  redri\'en  to  tlie  required  penetration 
or  resistance  as  directed  by  tlie  engineer. 

4.5.1.8  Underwater  Driving 

While  it  is  possible  to  drive  piles  underwater  by  use  of  a  follower  bet^veen  the 
pile  and  hammer,  or  by  use  of  a  submersible  pile  hammer,  such  driv  ing  metliods 
should  be  avoided  when  it  is  necessary  to  drive  piles  to  obtain  a  predetermined 
bearing  capacity,  unless  such  capacity  is  determined  by  a  pile  load  test  under 
similar  conditions. 

4.5.1.9  Interrupted  Driving 

When  dri\ing  is  interrupted  or  the  rate  of  blows  retarded  for  an\'  reason,  a 
careful  record  shall  be  kept  of  the  extent  of  the  delay  or  retardation.  An\-  decrease 
in  the  penetration  per  blow  immediately  following  such  stoppage,  shall  be  cause 
to  suspect  the  interpretation  of  the  preceding  blows  per  foot. 

4.5.2  Augered  Cast-in-Place  Piles 
4.5.2.1   Angering  Equipment 

The  hole  through  which  the  high-strength  mortar  is  pumped  during  the  place- 
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ment  of  the  pile  shall  be  located  at  die  bottom  of  the  auger  head  below  the  bar 
containing  the  cutting  teeth. 

The  auger  flighting  shall  be  continuous  from  the  auger  head  to  the  top  of 
auger  with  no  gaps  or  other  breaks.  The  pitch  of  the  auger  flighting  shall  not  exceed 
9  in. 

Augers  over  40  ft  in  length  shall  contain  a  middle  guide.  The  piling  leads 
should  be  prevented  from  rotating  by  a  stabilizing  arm. 

4.5.2.2  Materials 

The  material  used  to  fill  the  holes  shall  consist  of  a  mixture  of  Portland  Cement, 
concrete  sand,  fluidizer  and  water  to  proportioned  and  mixed  as  to  pro\ide  a  mortar 
capable  of  maintaining  tlie  solids  in  suspension  without  appreciable  water  gain  and 
which  will  laterally  penetrate  and  fill  any  voids  in  the  foundation  material.  Port- 
land Cement  shall  conform  to  this  Chapter,  Part  1.3.B  Cement  Type  I.  The  fine 
aggregate  shall  conform  to  diis  Chapter,  Part  1.3.C  with  a  fineness  modulus  between 
1.40  and  3.40.  Fluidizer  shall  meet  the  requirements  of  the  Corps  of  Engineers,  U.SA. 
Spec  No.  CRDC  566-64. 

The  mortar  shall  be  so  proportioned  as  to  have  a  minimum  ultimate  com- 
pressive strength  of  2,000  psi  at  28  days.  (See  Art.  4.4.6.6).  A  set  of  6  mortar 
cubes  shall  be  made  each  day  and  tested  in  accordance  with  ASTM-C109,  with 
the  exception  that  the  mortar  should  be  restrained  from  expansion  by  a  top  plate. 

4.5.2.3  Mixing    and    Pumping    of    High-Strength    Cement    Mortar 

Only  approved  pvunping,  continuous  mixing  and  agitating  equipment  shall  be 
used  in  the  preparation  and  handling  of  the  mortar.  A.11  oil  or  other  rust  inlubitors 
shall  be  removed  from  mixing  drums  and  mortar  pumps.  If  ready-mix  mortar  is  used, 
an  agitating  storage  tank  of  sufficient  size  shall  be  used  between  the  ready-mix  truck 
and  the  mortar  pump  to  insure  a  homogeneous  mix  and  continuity  in  tlie  pumping 
operations.  All  materials  shall  be  such  as  to  produce  a  homogeneous  mortar  of  the 
desired  consistency.  If  there  is  a  lapse  in  the  operation,  the  mortar  shall  be  recircu- 
lated through  the  pump. 

The  mortar  pump  shall  be  a  positive  displacement  piston  type  pump  capable 
of  de\'eloping  displacing  pressures  at  the  pump  up  to  350  psi. 

4.5.2.4  Pile  Top  Encasement 

Metal  sleeves  or  casing  of  the  proper  diameter  and  at  least  18  in.  in  length 
shall  be  placed  around  the  pile  tops.  ( Special  conditions  may  require  metal  sleeves 
of  additional  length. ) 


4.6  INSPECTION  OF  PILE  DRIVING 

Pile  driving  and  angering  operations  should  be  inspected  and  documented 
completely  as  directed  by  the  engineer.  Recommended  technicjues  of  insix'ction 
and  records  to  be  compiled  can  be  found  in  the  publication  titled  "Inspection  of 
Pile  Driving  Operations"  Technical  Report  M-22,  Department  of  the  Army,  Con- 
struction  Engineering   Research   Laboratory,   Champaign,   Illinois,   July    1972. 


150  Bulletin  670 — American  Railway  Engineering  Association 

Manual   Recommendations 
Committee  5 — Track 

Report   on   Assignment   3 

Ad-Hoc  Subcommittee  on  Revision  of  Appendix  "A"  and  "B"  of  the 
Portfolio  of  Trackwork  Plans 

R.   E.    KusTON  (chairman,   Ad-Hoc  subcommittee),   V.   M.   Scitwing,  E.   E.  Frank, 
R.  J.  Jones,  G.  G.  Knupp,  J.  R.  Masters. 

Your  Committee  recommends  that  the  following  Forward  and  Specifications 
(formerly  Appendix  A)  of  the  Portfolio  of  AREA  Trackwork  Plans  be  adopted 
for  publication  in  the  front  of  tlie  Portfolio  along  with  the  "Definitions  of  Terms" 
(formerly  Appendix  "B").  The  existing  plans  will  then  be  a  part  of  the  new 
Specifications. 

Foreword 

1.  SCOPE 

1.1  The  Portfolio  of  Trackwork  Plans  is  a  companion  volume  of  recommended 
practice  ( ** )  to  the  American  Railway  Engineering  Association  (hereinafter  desig- 
nated AREA )    Manual  for  Railway  Engineering    ( Fixed   Properties ) . 

1.2  The  Portfolio  consists  of  plans,  definitions  of  terms,  data,  and  specifications 
related  to  the  design,  details,  materials,  and  workmanship  for  turnouts,  frogs, 
switches,  guard  rails,  crossings,  and  other  special  trackwork. 

1.3  The  plans  and  specifications  are  applicable  to  tee  rails  weighing  90  lb.  per 
yard  (44.7  kg/m)  and  heavier,  with  preference  given  to  rail  section  and  joint  bar 
designs  and  drillings  recommended  by  the  Association. 

2.  SPONSORSHIP 

2.1  The  Portfolio  was  first  issued  about  1926  under  the  sponsorship  of  AREA 
Committee  5 — Track,  with  collaboration  by  the  Standardization  Committee  of  the 
Manganese  Track  Society.  Plans  and  specifications  are  prepared  and  revised  by 
Committee  5  in  addition  to  its  responsibilities  for  the  material  in  Chapter  5  in 
the  ARE.^   Manual  for  Railway  Engineering. 

3.  DEFINITION  OF  TERMS 

3.1  Tile  .\REA  definitions  of  terms  relating  to  trackwork  switches,  frogs,  guard 
rails,  crossings  and  turnouts  appear  on  pages  3  tlirough  7. 


"  Recommended  Pr;utice — A  material,  device,  design,  plan,  specification,  principle  or  prac- 
tice recommended  to  the  railways  for  use  as  required,  either  exactly  as  presented  or  with  such 
modifications  as  may  be  necessar>-  or  desirable  to  meet  the  needs  of  individual  railways,  but 
in  either  event,  with  a  view  to  promoting  efficiency  and  economy  in  the  location,  construction, 
operation  or  maintenance  of  railways.  It  is  not  intended  to  imply  that  other  i)ractices  may  not  be 
equally   acceptable. 
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4.  SPECIFICATION  FOR  SPECIAL  TRACKWORK 

4.1  General  purchasing  instructions,  specifications  for  materials,  inspection, 
testing  and  workmanship  requirements  for  the  production  of  special  trackwork  are 
detailed  under  AREA  specifications   for  Special  Trackwork  on  pages  8  through  26. 

5.  DETAILED  TRACKWORK  PLANS 

The  Track  Committee,  in  the  hope  of  secm-ing  benefits  through  standardization, 
began  in  1959  a  study  intended  to  culminate  in  the  adoption  of  a  limited  number  of 
turnout  plans  to  be  designated  "Standard  Turnout  Plans"  in  the  Portfolio.  This 
work  was  completed  with  the  March  1962  adoption  by  the  Association  of  the  five 
"Standard  Turnout   Plans,"   and  their  components,   presented  herein   as   Part   I. 

The  various  existing  plans  for  turnouts,  frogs,  and  switches,  with  their  numerous 
alternates,  are  retained  only  as  information  in  Part  II. 

5.1  Part  I — Standard  Turnout  Flans 

5.1.1  Part  I  of  the  Portfolio  contains  plans  for  five  standard  turnouts,  i\os.  6, 
8,  10,  15  and  20,  and  dieir  appurtenances  complete.  These  plans  are  separated  from 
the  remainder  of  the  Portfolio  by  a  blue  divider  sheet. 

5.2  Part  II — Plans  of  Other  Turnouts,  Frogs,  Switches,  Guard  Rails,  and  Crossings 

5.2.1.  Part  II  of  the  Portfolio  contains  as  information,  detailed  tiuiiout  plans 
that  are  inconsistent  with  the  Standard  Turnout  Plans;  also  plans  for  crossings, 
double  slip  switches,  and  trackwork  for  use  in  pavement. 

6.  REVISION  OF  PLANS  AND  SPECIFICATIONS 

6.1  Corrections,  proposed  new  plans,  or  revisions  to  existing  plans  or  specifica- 
tion shall  be  submitted  to  Committee  5 — Track,  preferably  in  writing,  for  considera- 
tion and  handling  within  the  Association. 

6.2  Supplements  to  the  Portfolio  are  issued  periodically  in  the  form  of  addi- 
tional or  revised  sheets  to  incorporate  new  plans,  revisions  to  existing  plans,  or 
specification  changes  as  adopted  by  tlie  Association.  Each  supplement  is  accom- 
panied by  a  revised  Table  of  Contents  to  show  reference  to  any  ne\\-  plans  and 
changes  in  serial  numbers  of  revised  plans. 

6.3  Each  specification  page  number  is  followed  by  a  serial  numlxM-  to  indicate 
the  year  of  adoption,  or  latest  revision  of  material  on  that  particular  page. 

6.4  Each  plan  in  the  Portfolio  has  a  basic  nimiber,  followed  by  a  serial  number 
to  indicate  the  year  of  its  adoption  or  of  its  latest  revision.  A  footnote  in  the  lower 
lefthand  corner  shows  the  date  of  previous  action  on  the  plans  by  the  .Association. 

6.5  Detail  drawings  for  use  in  the  Portfolio  of  Trackwork  Plans  shall  be  on 
sheets  22"  (560  mm)  wide  between  outside  border  lines,  with  inside  border  lines 
Vt"  ( 13  mm )  from  the  top  and  bottom.  The  standard  length  of  the  sheet  shall  be 
30"  (762  mm)  between  outside  border  lines  with  inside  border  lines  )'i"  (13  mm) 
from  the  righthand  edge  and  Vk"  (38  mm)  from  the  lefthand  edge.  When  longer 
sheets  are  necessary  they  shall  be  in  multiples  of  6"  (152  mm  )and  folded  back  to 
the  standard  length.  Drawings  shall  be  confined  to  one  subject.  The  title  shall  be 
placed  in  the  lower  righthand  corner.  The  scale  of  the  general  drawings  shall  be  l!^" 
(38  mm)  equals  one  foot,  where  practicable.  Details  shall  be  drawn  to  a  scale  of 
not  less  than  3"  (76  mm)  equaling  one  foot,  where  practicable.  Dimensions  and 
distances  under  two  feet  (610  mm)  should  be  shown  in  inches;  two  feet  (610  mm) 
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and  over,  in  feet  and  inches,  except  that  the  length  of  joint  bars  should  be  given 
in  inches.  Cross  sections  shall  be  section  lined  for  the  material  to  be  indicated  in 
accordance  with  standard  sections  as  shown  on  Page  11-4-20  of  the  AREA  manual. 
Note:  The  Definition  of  Terms  in  appendix  B  is  the  same  as  those  in  the  proposed 
foreword  with  the  following  additions  and/or  subtractions. 

General  terms: 

a)  Crossover  is  now  to  read  Crossover,  Single. 

b)  Gantlet  Track  is  added,  that  is,  a  section  of  railroad  track  (as  over  a 
bridge  or  in  a  narrow  pass )  where  two  lines  of  track  overlap  so  that  one  rail  of  each 
track  is  within  the  rails  of  the  other.  In  such  cases  no  switch  is  needed.  The  crossing 
of  the  two  inner  rails  is  made  by  ordinary  frogs. 

e)  Rail,  Tee  part  (a)  reads  Rail  Sections,  as  used  in  this  Portfolio  weighing 
90  lb.  and  over  per  yard.  Part  (b)   is  deleted. 

d)  Rail,  Girder  is  deleted. 

e)  Steam  Railroad  (Track)  is  to  read  Railroad  Track  with  the  word  Steam 
deleted  in  the  first  sentence. 

On  Turnout  Terms 

a)  The  term  Lead  is  deleted. 

Specification  for  Special  Trackwork  for  Rails 
90  Pound  Per  Yard  (44.7  kg/m)  and  Heavier 

1.  SCOPE 

1.1  This  specification  covers  general  instructions,  and  inspection,  testing  and 
workmanship  requirements,  and  detailed  material  specifications  relating  to  the 
pvirchase  and  manufacture  of  special  trackwork  for  tee  rails  weighing  90  lb.  per 
yard  (44.7  kg/m)  and  heavier. 

2.  APPLICABLE  DOCUMENTS 

2.1  The  latest  specifications  in  the  AREA  Manual,  or  the  American  Society  for 
Testing  and  Materials  (herein  after  designated  ASTM)  Book  of  Standards  where 
indicated,   covering  the  particular  component  or  material  shall  apply. 

2.2  The  trackwork  plans  in  the  portfolio  shall  be  part  of  these  specifications. 

2.3  Requirements  not  shown  on  the  drawings,  but  which  are  mentioned  in  the 
specifications,  or  vice  versa,  or  anytliing  not  expressly  set  forth  in  either,  but  which 
is  specified  in  the  order  or  contract,  shall  apply.  Should  anything  be  omitted  from 
the  drawings  or  specifications  that  is  necessary  for  a  clear  understanding  of  the  work, 
or  should  any  error  appear  in  either  the  drawings  or  specifications  aff^ecting  the 
work,  the  manufacturer  shall  notify  the  purchaser  and  shall  not  proceed  with  the 
work  until  instructed  to  do  so. 

2.4  Any  variations  from  the  requirements  established  in  2.1,  2.2,  and  2.3  .shall 
be  detailed  in  tlie   inquiry  contract  and  order. 

3.  DEFINITION  OF  TERMS 

3.1   Tlie    AREA   definition   of   terms   relating   to   trackwork   switches,   froys,    guard 
rails,  crossings  and  turnouts  appear  on  pages  3  through  7. 
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4.  BASIS  OF  PURCHASE 

4.1  The  purchaser  will  furnish  the  niauufaeturer  specifications  and  drawings, 
giving  rail  sections,  joint  drilling,  angles,  alignment  and  general  dimensions,  and 
such  special  details  as  may  be  required. 

4.2  Each  trackwork  item  may  be  completely  specified  by  reference  to  the 
proper  Portfolio  plan,  data,  and  bill  of  material  when  necessary,  pro\'ided  the  rail 
section  and  joint  bar  details  are  stated.  The  alternate  constructions  presented  on 
some  of  the  plans  may  be  incorporated  into  the  particular  trackwork  item  b\- 
reference  thereto. 

5.  MANUFACTURE 

5.1  Construction,  design  and  details  shall  conform  to  the  specified  Portfolio 
plan   adopted  by  the  AREA  as  recommended  practice. 

5.2  For  track  structures  for  which  no  plans  ha\'e  been  adopted,  or  for  proprii'- 
tary  trackwork  items,  the  manufacturer  shall,  when  requested,  submit  detail  draw- 
ings for  approval. 

6.  WORKMANSHIP 

6.1  Woikinansliip  shall  be  in  accordance  with  good  commercial  practice. 

6.2  Accuracy  of  workmanship  for  completed  frogs  and  switches  shall  be  w  itliin 
the  permissible  variations  prescribed  in  Plans  No.   1010  and  No.   1011   respectively. 

6.2  Bends  shall  be  made  accurately  in  arcs  of  circles  an  without  injuiry  to  the 
material. 

6.4  Heating  of  rails  for  bending  shall  be  done  in  a  manner  so  as  to  ha\e  a 
minimal  adverse  effect  on  the  metal.  When  the  nature  of  tlie  bend  permits,  rails  shall 
be  bent  cold. 

6.5  Planing  shall   be   true   and   all   abutting  surfaces  shall  fit  accurately. 

6.6  All  sharp  edges  and  corners  shall  be  eliminated  by  grinding  or  machining  to 
a  suitable  chamfer  or  radius  wherever  the  rail  section  is  altered  by  machining. 

6.7  A  mininuun  radius  of  %"  (9.6  mm)  .shall  be  provided  at  gage  corners  where 
wheel  contact  will  occur. 

6.8  All  grinding  shall  be  carefully  performed,  in  a  manner  that  wiil  not  develop 
grinding  cracks. 

6.9  Running  surfaces  of  manganese  steel  parts  shall  be  ground  to  a  surface 
comparable  to  that  of  the  rolled  rail.  Manganese  steel  portions  fitting  into  rails  or 
other  parts  shall  be  ground  to  a  suitable  fit. 

6.10  Drilling  shall  be  done  accurately,  at  an  angle  where  necessarv . 

6.10.1  All  holes  in  carbon  steel  rails  shall  be  drilled. 

6.10.2  The  fins  and  sharp  edges  of  drilled  holes  shall  be  removed  in  rail  com- 
ponents where  disassembly  is  not  required,  preferably  by  grinding  or  machining 
a  chamfer. 

6.10.3  All  holes  for  turned  pins  or  bolts  and  for  tight  fit  of  rough  bolts  in  other 
than   rail   steel   parts  shall   also  be  drilled. 

6.11  Punching  shall  be  permitted  only  in  mild  steel  parts  for  rivet>,  loose 
rough  bolts  and  spikes,  except  where  such  holes  come  so  close  together  or  close  to 
the  edge  of  the  piece  that  the  metal  between  holes  or  between  hole  and  edge  is  less 
in   width   than   the   thickness   of  the  material,  in  which  case  holes   shall   be  drilled. 


154  Bulletin  670 — American  Railway  Engineering  Association 

7.  PERMISSIBLE  VARIATIONS  IN  DIMENSIONS, 
FITS  AND  OTHER  PHYSICAL  ATTRIBUTES 

7.1  Fit  of  Bolts 

7.1.1  Main  bolts  in  bolted  frogs  and  bolted  rail  crossings  shall  have  a  tight 
fit  in  properly  ahgned  holes. 

7.1.2  Where  a  tight  fit  of  bolts  in  the  hole  is  not  required,  drilled  or  punched 
holes  shall  be  not  more  than  1/16"  (1.6  mm)  greater  in  diameter  than  the  bolts, 
except  that  bolts  in  rail  at  an  angle  are  to  ha\e  their  holes  drilled  per  Section  X-X 
Plan  1010,  Part  II. 

7.1.3  Cored  holes  in  other  than  manganese  steel  castings  shall  not  be  more  than 
/g"   ( 3.2  mm )  greater  in  diameter  than  the  bolts. 

7.1.4  Holes  in  manganese  steel  castings  for  frogs  and  crossings  may  be  up  to 
5/16"  (8  mm)  greater  than  the  diameter  of  the  bolts,  except  that  the  holes  for  body 
bolts  in  rail  bound  frogs  and  crossings,  and  for  the  internal  joints  of  solid  manganese 
crossings  shall  be  oval;  the  larger  or  horizontal  dimension  shall  not  be  more  than 
%"   ( 19  mm )  greater  than  the  diameter  of  the  bolts. 

7.1.5  Bolt  heads  and  nuts  shall  have  square  bearings. 

7.2  Rivets 

7.2.1  Rivets  shall  be  of  the  full  diameter  called  for  on  the  plans,  and  the  holes 
for  them  shall  be  1/16"   (1.6  mm)   greater  in  diameter. 

7.2.2  Rivets  shall  ha\e  standard  button  or  cone  heads  of  uniform  Nize  for  the 
same  size  rivet. 

7.2.3  Rivet  heads  shall  be  concentric  with  the  holes. 

7.2.4  Countersunk  ri\ets  shall  be  flush  with  the  surface  and  fill  the  coimtersink, 
except  that  ri\ets  through  base  plates  and  tie  plates  may  ha\e  a  crown  of  not  more 
than  /g"    (3.2  mm)   below  the  lower  surface  of  the  plate. 

7.3  Spike  Holes 

7.3.1  Spike  holes  shall  be  punched  %"  (19  mm)  square  except  those  holes  at 
rail  base  edges  which  shall  be  %"  (19  mm)  wide  by  13/16"  (20.6  mm)  long.  These 
holes  shall  be  loc-ated  nominally  1/16"  (1.6  mm)  (Js"  (3.2  mm)  max.,  0  min.  >  under 
the  edge  of  the  rail  base  or  into  the  rail  seat  at  the  plate  shoulder. 

7.3.2  The  edge  of  spike  holes  shall  not  be  less  than  the  thickness  of  the  plate 
plus  Ji"  (6.4  mm)  from  the  ends  or  sides  of  plates,  except  for  hook  twin  tie  plates, 
or  where  necessary  to  match  spike  holes  in  fittings  or  to  clear  stnictural  members. 

7.4  Gage,  Track  and  Guard  Face 

7.4.1  All  gage  measurements  shall  be  made  at  the  le\el  of  the  gage  line  %" 
( 16  mm )  below  tread  surfaces. 

7.4.2  Track  gage  in  completed  crossings  may  be  1/16"  (1.6  mm)  under  or 
1/16"    (1.6  mm)   over  that  specified. 

7.4.3  Guard  face  gage  in  completed  crossings  having  a  specified  track  gage  of 
4'—^"  (1.435  m)  with  specified  flangeways  Us"  (47.6  mm)  wide,  or  a  specified 
track  gage  of  4-8/8"  (1.438  m)  with  specified  flangeways  l%"  (47.6  mm)  and  2" 
(50.8  mm)  wide,  shall  be  between  4'-4'i"  (1.343  m)  and  4'-4-ll/16"  i  1..3.3S  m) 
inclusive. 
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7.4.4  Guard  face  gaj^e  in  completed  curved  cros.sinj^s  other  than  those  which 
are  inchided  in  the  preceding  paragraph  .shall  not  he  greater  than  the  ^pecified 
dimension  and  may  lie  up  to  '«"    (3.2  mm)    less  than   this  dimension. 

7.5  Flangeways 

7.5.1  All  flangeway  measurements  except  depth  shall  he  iiiatle  at  thi  le\el 
of  the  gage  line  %"   ( 16  mm )  below  tread  surfaces. 

7.5.2  Flangeways  in  completed  frogs  shall  not  \ary  more  tlian  plus  or  minus 
1/16"    (1.6  mm)   from  the  .specified  width. 

7.5.3  Flangeways  may  be  widened,  either  in  desigu,  or  as  a  permissii)l(-  varia- 
tion in  manufacture  by  machining  not  more  than  lit"  (3.2  mm)  from  the  sidi-  of  the 
guard  rail  head. 

7.5.4  Flangeways  in  completed  crossings  may  be  1/16"  (1.6  nnn)  less  than 
the  specified  width  or  more  than  the  specified  width  as  required  to  conform  to  7.4.2 
and/or  7.4.3,  except  that  in  curved  crossings  the  mininunn  guard  check  gaue  from 
the  inner  guard  line  to  the  outer  gage  line  shall  be  4-6-9/16"   (1.386  m). 

7.5.5  Flangeways  shall  be  not  less  than  Us"  (47.6  mm)  deep  measured  from 
top  of  tread  surfaces. 


8.  MARKING 

8.1  Finished  trackwork  units  shall  be  plainK  marked  as  mdicated  in  8.2  through 
8.5.  Only  hot  stamping  shall  be  permitted  on  rail  or  rail  components. 

8.2  The  manufacturer's  name  or  initials,  section  and  weight  or  rail,  and  month 
and  year  of  manufacture  shall  be  stamped  in  letters  of  appropriate  size  on  a  separate 
rust-proof  plate  secured  to  tlie  web  of  the  rail. 

8.3  Letters  and  figures  'Ji"  (19  mm)  high  may  be  stamped  on  a  portion  of  the 
structure  other  than  the  rail,  in  a  visible  location,  not  exposed  to  wear. 

8.4  Loose  parts  or  fi.xtures  shall  be  similarly  stamped  with  suitable  size  letters 
and  figures. 

8.5  Frogs  shall  be  marked  with  thi'  frog  number. 

8.6  All  or  part  of  the  identity  shall  be  cast  on  molded  parts. 


9.  WELDING 

9.1  Welding  shall   not  be  permitted  on  rails  or  surfaces  of  other  parts  exposed 
to  wheel  wear. 

9.2  Where  welding  is  permitted  on  other  portions,  as  indicated  on  tlie  drawings 
or  in  the  material  specifications,  such  welding  shall  be  done  by  an  approved  process. 


10.  PAINTING 

10.1  Paint,   tar,   or  other  covering  shall    not   be   applied   unless  specified   i)\    tiie 
purchaser  in  the  order  or  contract. 

10.2  Such  covering,  when  specified,  siiall  not  Ik    applii'd  before  final  inspection. 
Kill.    <i70 
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11.  MATERIALS 

11.1  Selection 

11.1.1  The  type  and/or  grade  of  material  to  be  used  in  the  production  of  tlie 
various  parts  of  special  trackwork  shall  be  as  indicated  in  the  particular  material 
specifications  detailed  herein. 

11.1.2  Should  two  or  more  types  or  grades  of  material  l)e  acceptable  for  pro- 
duction of  a  particular  part,  and  a  preference  has  not  been  indicated  by  the  pur- 
chaser in  the  contract  or  order,  tlie  selection  shall  be  optional  with  the  manufacturer. 

11.1.3  The  type  or  grade  of  material  used  in  the  production  of  proprietary 
products  shall  be  at  the  option  of  the  manufacturer. 

11.2  Conformance 

11.2.1  Any  material  entering  into  the  manufacture  of  special  trackwork  or 
parts  thereof  and  which  is  coxered  by  specifications  contained  ( or  referred  to ) 
herein,  shall  conform  to  the  requirements  of  such  specifications,  except  that: 

11.2.2  The  paragraphs  under  12.,  13.,  and  14.,  cover  Test,  Claim  and  Inspec- 
tion conditions  for  materials  used  in  the  production  of  special  trackwork  and  take 
precedence  over,  or  add  to,  any  similar  coverage  contained  in  the  various  established 
specifications  for  materials  referred  to  in  15.  Material  Specifications. 

12.  TESTS 

12.1  All  tests  shall  be  performed  at  the  place  of  manufacture  prior  to  ship- 
ment, unless  otherwise  agreed,  and  shall  be  so  conducted  as  not  to  interfere  un- 
necessarily with  the  operation  of  the  works  or  the  progress  of  the  work  on  the 
purchaser's  order. 

12.1.1  Chemical  and  mechanical  tests  may  be  made  at  a  testing  laboratory 
outside  of  the  manufacturer's  works  to  be  agreed  upon  between  the  manufacturer 
and  the  purchaser. 

12.2  The  records  of  any  tests  made  by  tlie  manufacturer  on  materials  used  in 
production  of  the  purchaser's  order  shall  be  made  axailable  to  the  inspector  repre- 
senting the  purchaser. 

12. .3  For  materials  or  parts  of  the  order  taken  from  stock  or  purchased  from 
other  producers,  the  trackwork  manufacturer  shall,  when  required  by  the  order  or 
contract,   certify  the  material   conforms  with   the  requirements  of  the  specifications. 

12.3.1  Should  the  purchaser  desire  an\  chenucal  or  mechanical  tests  of  these 
materials  he  shall  be  responsible  for  the  expense  of  such  tests,  unless  the  materials 
fail  to  meet  the  specifications,  in  which  case  the  trackwork  manufacturer  shall  be 
responsible. 

12.3.2  The  manufacturer  shall,  when  required  b\  the  order  or  contract,  supply 
the  purchaser  witli  a  certificate  of  inspection  from  the  rail  manufacturer  for  the  rails 
used  in  the  order. 

13.  CLAIMS 

13.1  The  acceptance  of  an>  material  b\  an  inspector  shall  not  pre\ent  subse- 
quent rejection  if  found  defective  after  deli\'er\". 

13.2  A  claun  for  defective  material  and /or  workmanship  shall  cover  onl\  such 
ilefects  as  will  impair  tlie  scr\ice  life  of  die  trackwork. 
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13.3  Claims  for  replacement  of  defective  material  and/or  workmanship  shall 
not  be  recognized  unless  made  promptly  and  based  on  defects  appearing  within 
three  months  from  date  of  installation,  and  in  any  event  within  two  years  from  date 
of  shipment. 

13.4  No  guarantee  of  specific  length  of  ser\  ice  will  be  required. 

14.  INSPECTION 

14.1  The  manufacturer  shall  afford  the  purchaser's  inspector  all  reasonable 
facilities  necessary  to  satisfy  him  that  the  material  is  being  produced  and  furnished 
in  accordance  with  this  specification.  Mill  inspection  by  the  purchaser  shall  not 
interfere  unnecessarily  with  the  manufacturer's  operations.  All  inspections  shall  be 
made  at  the  place  of  manufacture,  unless  otherwise  agreed  to. 

15.  MATERIAL  SPECIFICATIONS  AND  DETAILS 

15.1  Scope 

15.1.  Rails,  castings,  forgings,  rolled  shapes,  washers,  and  fastenings  used  in 
special  trackwork  ordered  to  tlie  plans  in  the  Portfolio,  shall  be  produced  in  con- 
formance with  the  specifications  indicated,  modified  in  some  instances,  but  in  any 
case  subject  to  details  offered  herein,  and  to  the  conditions  set  forth  in  11.2.2. 

15.1.2  Trackwork  to  be  manufactured  to  plans  other  than  those  in  the  Port- 
folio may  be  ordered  produced  in  conformance  with  the  general  conditions,  material 
specifications  and  detailed  requirements  of  the  AREA  Portfolio  of  Trackwork  Plans. 

15.1.3  The  specifications  contained  (or  referred  to)  herein  are  based  as  far  as 
possible  on  established  specifications  of  various  national  associations  and  societies 
with  such  modifications  as  are  necessary  to  adapt  the  material  to  the  manufacturer 
of  special  trackwork. 

Ml.  STEEL  RAILS 

Ml.l   Material  Covered 

Ml.  1.1  Rails  and  rail  components  of  trackwork,  heat  treated  and  untreated, 
in  standard  tee  sections  90  lb.  per  yard  (44.7  kg/m)  and  heavier,  and  preferably 
in  the  sections  recommended  by  the  Association. 

Ml. 2  Manufacture 

Ml.2.1  Rails  shall  be  produced  in  conformance  with  the  latest  issue  of  the 
AREA  Specifications  for  Steel  Rails,  or  ASTM  A  I,  Spe^cifications  for  Carbon  Steel 
Tee  Rails,  in  the  weight  and  sections  specified. 

M1.3  Classification 

M1.3.I  Only  rails  classified  No.  1  in  accordance  with  the  rail  .specification  shall 
l)e  used  in  the  production  of  special  trackwork,  except  that  "A"  rails  and  those 
classified  No.  2  may  be  used  for  guard  rails. 

Ml. 4  Heat  Treatment 

Ml.4.1  When  heat  treatment  is  specified,  rails  and  rail  compoiicnls  thai  con- 
form to  the  recjuirements  of  M1.2  and  Ml. 3  shall  be  heat  treated  in  accordance 
with    the   trackwork   manufacturer's   approved   current  specification   or  practice. 

M  1.4.2  A  supplementary  requirement  in  the  rail  specifications  provides  for  the 
acquisition  of  heat  treated  rails  as  may  be  available  directK    from  the  rail  producer. 
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Ml. 4. 3  Brinell  hardness  number  determinations  made  on  heat  treated  rails, 
components,  or  representative  samples  in  accordance  with  the  approved  manufac- 
turers applicable  specification  or  practice  shall  conform  to  the  following  ranges: 
Nominal  Weight,  Ib./yd.  (kg/m)—  81-  90  (40.3  to  44.7)—  91  (45.2)  and  Over 
Brinell  Hardness  Number  —302-363  —321-388 

Ml. 4. 4  Tests  shall  be  made  at  properly  prepared  locations  which  will  pernut 
accurate   determination   of   hardness. 

Ml. 4. 5  The  number  of  determinations  shall  be  as  indicated  in  the  approved 
manufacturer's  sf)ecifications. 

Ml. 4. 6  Material  represented  by  hardness  determinations  which  fail  to  meet 
the  requirements  of  Ml. 4. 3  may  be  retreated  and  retested. 

M2.  MANGANESE  STEEL  CASTINGS 

M2.1   Material  Covered 

M2.1.1  Manganese  steel  castings  for  solid  steel  track  structures,  or  wearing 
parts  of  fabricated  steel   track  structures. 

M2.2  Manufacture 

M2.2.1  Austenitic  manganese  steel  castings  shall  be  produced  in  conformance 
with  the  latest  issue  of  ASTM  A128,  Specification  for  Austenitic  Manganese  Steel 
Castings,  Grade  A,  except  that  the  chemical  requirements  shall  be  modified  as 
follows : 

Percent 
Min.  Max. 

Carbon  LOO  TsO 

Manganese  12.00  .... 

Silicon  1.00 

Phosphorus  ....  0.07 

M2.2.2  All   castings   shall   be   heat  treated  as   prescribed   in  the  ASTM   Specifi- 
cation A128. 
M2.3  Heat  or  Cast  and  Product  Analysis 

M2.3.1  Heat  or  cast  analysis  shall  be  made  by  the  manufacturer,  either  chemi- 
cally or  spectrographically,  as  required  by  the  specifications,  to  deternu'ne  the  per- 
centages of  the  elements  specified  in  M2.2.1. 

M2.3.2  Product  analysis  may  be  made  bv  the  purchaser  of  a  sample  obtained 
from  a  casting  representing  each  heat  or  cast  in  accordance  v\ith  the  conditions  in 
the  specifications. 

M2.4  Bend  Test 

Note:  "The  bend  test  has  become  essentially  obsolete  as  a  result  of  improved 
techn()log\ ."  This  statement  of  fact  is  included  in  Supplementarv  Re- 
quirement SI,  Bend  Test,  of  ASTM  Specification  A128-75a.  Although 
detailed  in  the  specification  supplement,  the  bend  test  procedure  in- 
cluded here  is  to  be  used  in  e\ent  the  test  is  specified. 
M2.4.1  When  specified  in  the  purchase  order  or  contract,  one  bend  test  shall 
be  made  frojn  each  heat  of  steel  in  each  heat-treatment  charge. 
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M2.4.2  The  bend  test  specimen  shall  be  nominally  M\?l  in.  (13x19  mm)  in 
cross  section  and  12  in.  (300  mm)  long,  poured  in  a  separate  mold,  from  the  same 
heat  or  cast  of  steel  as  the  lot  of  castings  it  represents. 

M2.4.3  The  bend  test  specimen  shall  be  heat  treated  with  tlie  castings  it 
represents.  When  heat  treated  witli  castings  of  comparatively  heavy  section,  the  test 
bar  may  be  protected  from  oxidation  by  enclosing  it  in  a  pipe  or  container  with  a 
.small  amount  of  carbonaceous  material,  suitably  sealed  or  luted  to  limit  test  bar 
contact  with  furnace  gases. 

M2.4.4  The  bend  specimen  shall  be  tested  without  being  machined  or  ground 
except  as  may  be  necessary  to  remove  decarburization  or  surface  irregularities;  or 
to  separate  it  from  the  runner  or  sprue  through  which  it  was  poured. 

M2.4.5  The  test  specimen  shall  withstand  cold  bending,  by  any  metliod  pre- 
ferred by  the  manufacturer,  through  150  deg.  around  a  pin  1  in.  (25.4  mm)  in 
diameter  without  breaking.  Surface  cracking  that  does  not  go  deeper  than  halfwa\ 
through  the  test  specimen  midway  between  the  edges  shall  be  acceptable. 

M2.4.6  If  any  test  specimen  re\eals  internal  defects  during  bending  and  does 
not  conform  to  the  requirement,  it  shall  be  discarded  and  another  specimen  from 
the  same  lot  tested. 

M2.4.7  If  the  bend  test  representing  any  lot  of  castings  fails  to  meet  the 
requirement  specified,  the  lot  of  castings  may  be  reheat  treated,  but  not  more  than 
twice.  Bend  test  specimens  shall  not  be  reheat  treated,  but  new  specimens  shall  be 
substituted.  Retests  shall  be  performed  in  the  manner  prescribed  for  the  original  test, 
but  two  specimens  representing  the  lot  of  castings  shall  be  tested,  both  of  which 
shall  meet   the  requirement  in  M2.4.5. 

M2.5  Workmanship 

M2.5.1  The  castings  shall  be  true  to  the  pattern  and  conform  to  the  shapes 
and  sizes  indicated  by  the  purchaser's  drawings  in  accordance  with  good  foundry 
practice. 

M2.5.2  Large  protrusions,  sharp  fins,  sand  holes  and  chills  on  the  outside  of 
the  castings  shall  be  removed. 

M2.5.3  Castings  shall  be  free  from  sand  holes,  gas  pockets,  cold  shuts  and 
other  imp>erfections  which  would  impair  serviceability,  however,  these  imperfections 
in  locations  where  they  will  not  appreciably  weaken  the  casting  or  impair  its 
wearing   qualities   will   be  pennitted. 

M2.5.4  Castings  shall  be  free  from  all  shrinkage  cracks  unless  they  are  of  such 
size  and  in  such  location  that  they  will  not  ad\ersely  afi^ect  the  service  life  of  the 
casting.   Shrinkage   cracks   will   not   be   pennitted   in   any  part   of   the   tread   surface. 

M2.5.5  As  cast  tread  surfaces  within  2/2"  (63.5  mm)  of  the  gage  line  and 
flangeway  walls  1"  (25.4  nun)  down  from  the  tread  shall  be  free  of  imperfections 
unless  they  are  .so  small  that  they  will  be  practically  removed  by  the  finish  grinding. 

M2.5.6  Castings  shall  be  free  from  twist  and  reasonably  true,  both  as  to  gen- 
eral surface  and  alignment,  and  shall  not  show  signs  of  straining  or  imdui'  denting 
from  the  straightening  operation. 

M2.5.7  The  bottom  part  of  the  casting  which  rests  on  plates  or  ties  shall  be 
reasonably  straight  and  without  twist,  and  shall  be  free  of  siuface  irregularities 
or  imp>erfections  that  would  prevent  a  good  bearing. 
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M2.5.8  Castings  shall  be  without  sharp  corners  at  the  base,  ha\ing  minimum 
radii  of  iV  (6.4  mm)  at  the  intersection  of  the  inside  vertical  wall  and  the  bottom, 
and  /s"    (3.2  mm)    at  the  intersection  of  the  outside  vertical  wall  and  the  bottom. 

M2.5.9  Bolt  holes  in  castings  shall  be  enlarged  by  cutting  or  reaming  with 
an  oxyacetylene  torch,  unless  specifically  approved  by  the  purchaser. 

M2.6  Repair  by  Welding 

M2.6.1  Defects  that  will  not  ultimately  impair  the  strength  of  the  castings 
may,  with  the  consent  of  the  purchaser's  inspector,  be  welded  by  an  approved 
process. 

M2.6.2  Only  electric  arc  repair  welding,  utilizing  the  proper  technique  and 
electrodes  or  semi-automatic  wire  shall  be  employed  as  provided  under  "Welding 
of    Manganese    Castings    in    Special    Trackwork,"    Page    .5-5-10   of    AREA    Manual. 

M2.7  Depth  Hardening 

M2.7.1  When  specified,  the  impact  areas  described  on  the  Trackwork  Plans 
shall  be  hardened  by  flexible  sheet  explosive  or  by  hammering  or  pressing  integrally 
cast  pads  of  suitable  thickness  and  area  to  a  minimum  surface  Brinell  hardness 
number  of  352  for  the  areas  within  1"  (25.4  mm)  of  the  gage  or  guard  lines  and 
minimum  Brinell  hardness  number  321  for  the  balance  of  the  hardened  area. 

M2.7.2  The  hardening  method  to  be  employed,  if  not  otherwise  specified,  shall 
be  at  the  option  of  the  manufacturer. 

M2.7.3  Unless  otherwise  specified,  one  hardness  reading  only  shall  be  required 
on  each  hardened  area.  This  reading  shall  be  taken  at  the  intersection  of  lines  1" 
(25.4  mm)   from,  and  parallel  to,  the  gage  or  guard  lines. 

M2.7.4  In  case  any  hardness  measurement  does  not  meet  the  specified  require- 
ments, two  additional  measurements  shall  be  made,  one  on  either  side  of  the  original 
impression,  about  1"  (25.4  mm)  distant  and  parallel  with  the  gage  or  guard  line. 
If  both  of  these  measurements  meet  the  reciuirements,  the  original  reading  shall  be 
discarded,  and  these  two  readings  be  recorded  in  its  place. 

M2.7.5  Castings  failing  to  meet  the  hardness  requirement  will  be  acceptable 
provided  the  fee  for  the  hardening  process  is  not  as.sessed. 

M3.  CARBON  STEEL  CASTINGS 
M3,l  Material  Covered 

M3.1.1  Carbon  steel  castings  for  solid  track  structures,  or  parts  of  track  struc- 
tures exposed  to  wheel  wear,  which  arc  recjuired  to  be  heat  treated  and  mechanical 
properties  are  specified,  including  yokes  for  guard  rail  clamps,  operating  parts  for 
switch  stands,  special  joint  bars,  and  blocks  in  toe  or  heel  joints.  FormerK'  desig- 
nated as  Grade  H-1  or  Class  "B"  Hard  castings. 

M3.1.2  Steel  castings  for  general  service  in  trackwork  for  which  mechanical 
properties  and  heat  treatment  are  not  specified,  including  appurtenances  and  fittings, 
corner  braces,  rail  braces,  washers,  spring  housings,  separator  and  end  blocks  for 
guard  rails,  adjusting  wedges  for  guard  rail  clamps,  parts  for  switch  stands,  and 
other  parts  not  exposed  to  wheel  wear.   Formerly  designated  as  Grade  \-3  castings. 

M3.2  Manufacture 

M3.2.1  Heat  treated  carbon  steel  castings  described  in  M3.1.1  shall  be  pro- 
duced in  conformance  with  the  latest  issue  of  .\STM  A148  Specification  for  High- 
Strength   Steel  Castings   for  Structural   Purposes,   Grade  80-40. 
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M3.2.2  Carbon  steel  castinj=;s  clescribed  in  M3.I.2  shall  be  produced  from  AISI/ 
SAE  number  1040  steel  as  prescribed  in  M3.4.1,  but  as  an  alternate  may  be  pro- 
duced from  steel  of  lesser  carbon  content  at  tlie  option  of  the  manufacturer,  unless 
otherwise  specified  in  the  order  or  contract.  In  the  absence  of  a  standard  specifi- 
cation covering  the  re(juirements  for  tliis  particular  group  of  castings,  die  castings 
shall  confonn  in  workmanship,  finish  and  general  character  to  the  requirements  of 
the   latest  issue   of   tlie  ASTM   A148   specification. 

M3.3  Heat  Treatment  and  Stress  Relieving 

M3.3.1  Grade  80^0  steel  castings  shall  be  heat  treated  by  full  annealing, 
normalizing,  quenching,  tempering  or  combinations  of  these  heat  treatments,  at  the 
option  of  the  manufacturer,  in  accordance  with  ASTM  A148. 

M3.3.2  Castings  of  1040  steel  and  those  with  carbon  content  o\er  0.30  percent 
shall  be  stress  relieved,  but  may  be  annealed,  normalized  or  odiewise  heat  treated  at 
the  option  of  the  manufactiuer,  in  accordance  with  ASTM  A 148  specification.  Cast- 
ings with  carbon  content  not  over  0.30  percent  need  not  be  treated  unless  otherwise 
specified  in  the  order  or  contract. 

M3.4  Chemical  Requirements 

M3.4.1  The   steel   shall   conform   to   the   following   as   to   chemical   comporition: 

Carbon         Mang.         Phos.         Si//. 
(Percent) 

Max.        Max. 


A148,  Grade  80-40  (See  M3.4.2)  .050         .060 

AISI/SAE    Number    1040  .37-.44         .60-.90         .040         .050 

Other  .  .  .  .  .050         .060 

M3.4.2  The  content  of  carbon,  manganese,  silicon,  and  alloying  elements  shall 
be  selected  by  the  manufacturer  to  obtain  the  mechanical  properties  specified  for 
tlie  grade  80-40  steel  heat  treated  castings. 

M3.4.3  An  analysis  of  each  heat  of  steel  sliall  be  made  l)y  the  manufacturer  to 
determine  the  percentages  of  the  elements  specified. 

M3.4.4  An  analysis  may  be  made  by  the  purchaser  from  a  ti'st  specimen  or 
from  a  casting.  The  chemical  composition  thus  determined  shall  confoini  to  the 
specified   re(juirements. 

M3.5  Mechanical  Requirements 

M3.5.1  Mechanical  property  reciuininents  are  not  specified  for  otiier  than  the 
grade  80-40  steel   castings. 

M3.5.2  The  tensile  properties  for  the  grade  80—40  steel  castings,  determined  in 
accordance  with  the  test  coupon,  method  of  test,  number  of  tests,  and  retest  condi- 
tions established  in  the  ASTM  A148  specification,  siiall  meet  tlie  following  specified 
\  alues : 

psi  MPa 

Tensile  Strength,  Min. 

Yield  Point,  Min. 

Elongation  in  2"  or  50  mm,  Min.,  Percent 

Reduction  of  Area,   Min.,   Percent 


80,000 

552 

40,000 

276 

18.0 

18.0 

30.0 

30.0 
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M3.5.3  Bend   tests   shall   not   be   required   for   carbon   steel   castings. 
M3.6  Workmanship  and  Finish 

M3.6.1  The  castinj^s  shall  conform  sul^stantially  to  the  shapes  and  sizes  indi- 
cated by  the  patterns  and  drawings. 

M3.6.2  The  castings  shall  be  free  from  injurious  defects. 
M3.7  Welding  Repairs 

M3.7.1  Minor  imperfections  which  do  not  impair  the  strength  or  wearing  quali- 
ties of  the  castings,  except  those  located  on  the  tread  surface  within  1..5  in.  (.38  mm) 
of  the  gage  line  may  be  welded  by  an  approved  process. 

M3.7.2  Imperfections  shall  be  considered  minor  when  the  depth  of  the  ca\ity 
prepared  for  welding  is  not  greater  than  20  percent  of  the  actual  wall  thickness, 
but  in  no  case  greater  than  1  in.   (25.4  mm). 

M3.7.3  With  the  consent  of  the  purchaser,  imperfections  other  than  minor  ma> 
be  repaired  by  welding  with  an  approved  process. 

M3.7.4  All  major  welds  shall  be  given  a  suitable  stress-relief  or  heat  treatment. 

M4.  GRAY  IRON  CASTINGS 

M4.1  Material  Covered 

M4.1.1  General  gray  iron  castings  for  switches,  fillers,  braces,  and  other  general 
appurtenances  for  trackwork  not  requiring  high  strength.  They  are  characterized 
by  excellent  machinability,  high  damping  capacity,  low  modulus  of  elasticity,  and 
comparati\e  ease  of  manufacture. 

M4.1.2  Gray  iron  castings  for  parts  of  trackwork  requiring  high  strengtli  to 
sustain  weight  and  shock  of  car  wheel  traffic.  They  are  usually  more  diflBcult  to 
machine.  ha\'e  lower  damping  capacity,  a  higher  modulus  of  elasticity,  and  are  more 
difficult  to  manufacture.  Higher  strength  gray  iron  castings  have  sometimes  been 
referred  to  a  "hightest"  or  "semi-steel"  casting. 

M4.2  Manufacture 

M4.2.1  General  gray  iron  castings  described  in  M4.1.1  shall  be  produced  in 
confonnance  with  the  latest  issue  of  ASTM  A48,  Specification  for  Gray  Iron  Cast- 
ings, to  either  Class  20,  Class  25,  Class  30,  or  Class  35. 

M4.2.2  Higher  strength  gray  iron  castings  described  in  M4.1.2  shall  be  pro- 
duced in  conformance  with  tlic  latest  issue  of  ASTM  A48,  Specification  for  Gra\ 
Iron  Castings,  to  either  Class  40,  Class  45,  Class  50,  Class  55,  or  Class  60. 

M4.2.3  The  class  number  indicates  the  minimum  tensile  strength  of  the  iron  in  a 
separately  cast  test  bar.  Unless  otherwise  specified  in  the  order  or  contract  the 
class  iron  applied  in  either  general  or  higher  strength  castings  shall  be  at  the  option 
of  the  manufacturer  of  the  particular  castings. 

M4.3  Chemical  Requirements 

M4.3.1  It  is  the  intent  of  the  specification  to  subordinate  chemical  composition 
to  tensile  properties.  The  (juantities  of  any  chemical  elements  in  the  \arious  classes 
of  cast  iron  shall  lie  at  the  option  of  the  manufacturer  except  where  the  elements 
may  be  specified  by  agreement  between  the  purchaser  and  manufacturer. 

M4.4  Mechanical  Requirements 

M4.4.1  Mechanical  property  tests  are  not  normalK  required  for  the  general 
gray  iron  castings. 
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M4.4.2  When  specified  in  the  order  or  contract,  tensile  tests  shall  be  made 
in  accordance  with  the  test  specimen,  number  of  tests,  and  test  procedures  set  forth 
in  the  ASTM  A48  specification. 

M4.5  Workmanship  and  Finish 

M4.5.1  The  castings  shall  conform  substantially  to  the  dimensions  on  the 
drawings  or  to  the  purchasers  patterns. 

M4.5.2  The  castings  shall  lie  free  from  injurious  imperfections,  and  shall  con- 
form to  any  points  specially  agreed  upon  by  the  manufacturer  and  the  purchaser 
and  set  forth  in  tlie  order  or  contract. 

M5.  MALLEABLE  AND  DUCTILE  IRON  CASTINGS 
M5.1  Material  Covered 

M5.1.1  Malleable  or  ductile  iron  castings  for  fittings  and  appurtenances  for 
trackwork.  braces,  washers,  switch  clips,  spring  housings,  and  foot  guards  which 
may  be  produced  from  either  type  iron  at  the  option  of  tlie  manufacturer. 

M5.2  Manufacture 

M5.2.1  Malleable  iron  castings  shall  be  produced  in  confonnance  with  tlie 
latest   iss<ie  of  ASTM   A47   Specification   for  Malleable  Iron  Castings,  Crade  32510. 

M5.2.2  Ductile  iron  castings  shall  be  produced  in  conformance  with  the  latest 
i.ssue  of  ASTM   A536  Specification  for  Ductile  Iron  Castings,  Grade  6.5-45-12. 

M5.3  Heat  Treatment 

M5.3.1  Malleable  iron  castings  shall  be  properly  annealed.  Any  casting  rejected 
for  improper  annealing  may  be  reannealed. 

M5.3.2  Ductile  iron  castings  generally  shall  be  as-cast,  but  may  be  heat  treated 
at  the  option  of  the  manufacturer. 

M5.4  Chemical  Requirements 

M5.4.1  It  is  the  intent  to  subordinate  chemical  composition  to  mechanical 
properties.  The  quantities  of  the  chemical  elements  in  either  the  malleable  or  ductile 
iron  shall  l>e  at  the  option  of  the  manufacturer,  except  where  the  elements  may 
be    specified    by    special    agreement   between    the   purchaser   and   the    manufacturer. 

M5.5  Mechanical  Requirements 

M5.5.1  Mechanical  property  tests  are  not  normally  reciuired  for  these  malleable 
or  ductile  iron  castings. 

M5.5.2  At  the  option  of  die  purcha.ser  or  his  representati\e,  a  casting  nia>  be 
tested  to  destruction,  or  otherwise  broken  up  to  determine  the  presence  of  any 
manufacturing  conditi(m  which  may  be  detrimental  to  the  ser\  iceability  of  the 
casting. 

M5.5.3  When  so  specified  by  the  purchaser  in  the  order  or  contract,  the  castings 
shall  be  subject  to  the  tensile  test  prescribed  in  the  particvdar  ASTM  specification 
referred  to  in  M5.2.I  or  M5.2.2. 

M5.5.4  The  iron  as  represented  by  tensile  test  specimens  ol)tained,  prepared 
and  tested  in  accordance  with  the  appHcable  specification,  sliall  coniorni  to  the 
following   minimum    requirements   as   set   forth   in   specification: 
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Malleable 
ASTM  A47 
Grade  32510 
psi  MPa 


Ductile 
ASTM  536 
Grade  65-45-12 
psi  MPa 


Tensile   Strength,    Min.  50,0(X)         345  65,(XX)         448 

Yield  Strength,  Min.  32,000         224  45,000         310 

Elongation  in  2"   or  50  mm,   Min.,  Percent  10.0  10.0  12.0  12.0 

M5.6  Workmanship  and  Finish 

M5.6.1  The  castings  shall  conform  substantially  to  the  dimensions  of  the  draw- 
ings or  pattern  supplied  by  the  purchaser. 

M5.6.2  The    castings    shall    be    reasonably    smooth    and    free    from    injurious 
imperfections. 


M6.  STEEL  FORCINGS 

M6.1  Material  Covered 

M6.1.1  Mild  carbon  steel  forgings  for  corner  braces,  fillers,  and  other  parts  of 
trackwork  and  track  specialties  not  exposed  to  wheel  wear. 

M6.1.2  Higher  carbon  steel  forgings  for  riser  blocks,  switch  tongues,  and  other 
parts  of  trackwork  which  are  exposed  to  wheel  wear,  as  well  as  parts  of  trackwork 
and  track  specialties  not  exposed  to  wheel  wear  if  produced  to  this  class  at  the 
option   of  the  manufacturer. 

M6.2  Manufacture 

MB. 2.1  Mild  steel  forgings  described  in  M6.1.1  shall  be  produced  in  conform- 
ance with  the  latest  issue  of  ASTM  A730,  Specification  for  Forging,  Carbon  and 
Alloy  Steel,  for  Railway  Use,  Grade  B. 

M6.2.2  Higher  carbon  steel  forgings  described  in  M6.1.2  shall  be  produced  in 
confonnance  with  the  latest  issue  of  ASTM  A730,  Specification  for  Forgings,  Carbon 
and  Alloy  Steel,  for  Railway  Use,  Grade  C. 

M6.2.2.1  Forgings  in  diis  category  may  also  be  produced  from  rail  steel  which 
meets   the  requirements  of  Ml. 2.1   and  M  1.3.1. 

M6.3  Heat  Treatment 

M6.3.1  Mild  Steel,  Grade  B  trackwork  forgings  need  not  be  heat  treated  unle.ss 
so  specified  in  the  order  or  contract. 

M6.3.2  After  forging  and  before  reheating  for  heat  treatment.  Grade  G  forgings 
shall  be  cooled  below  the  transformation  temperature  or  to  approximateK  1000' F 
(538°C),  and  nnist  not  be  pennitted  to  cool  Ix-low  500°F  (260°C),  without 
slow  cooling. 

M6.3.3  Higher  carbon.  Grade  G,  trackwork  forgings  may  be  annealed,  nonual- 
ized,  normalized  and  tempered,  or  (luenched  and  tempered  to  meet  the  mechanical 
requirements  in  ASTM  A730  as  indicated  in  M6.5.2. 
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M6.4  Chemical  Requirements 

M6.4.1   The  stet-l  shall  conform   to  the  following  chemical  requirements,  except 
when  rail  steel  is  utilized   (See  M6.2.2  and  M6.2.2.1): 


Composition,  % 
Elements  Grade  B  Grade  C 


Carbon 

0.15-0.25 

0.40-0.55 

Manganese 

0.30-0.60 

0.60-0.90 

Phosphonis,  Max. 

0.045 

0.045 

Sulphur.  Max. 

0.050 

0.050 

Silicon,    Min. 

0.15 

M6.5  Mechanical  Requirements 

M6.5.1  Grade  B  trackwork  forgings  are  generally  not  specified  to  mechanical 
property  requirements. 

M6.5.2  When  specified  by  the  purchaser  in  the  order  or  contract,  higher  carbon. 
Grade  C,  trackwork  forgings  shall  be  tested  in  accordance  with  the  A730  specifica- 
tions,   and    the   properties    shall   conform    to    the   specified   requirements   as   follows; 


psi  MPa 


Tensile   Strength,   Min. 

Yield  Strength,  Min. 

Elongation  in  2"  or  50  mm,  Min.,  Percent 

Reduction  in  Area,  Min.,  Percent 


75,000 

515 

37,500 

260 

20.0 

20.0 

.33.0 

33.0 

M6.5.3  Any  testing  in  addition  to  that  described  in  M6.5.2  shall  be  a  matter 
of  agreement  between  the  manufacturer  and  the  purchaser  and  shall  be  required 
only  when  specified  in  the  order  or  contract. 

M6.6  Workmanship  and  Finish 

M6.6.1  The  forgings  shall  conform  to  the  sizes  and  shapes  specified  by  the 
purchaser. 

M6.6.2  The    forgings    shall    be    free    of    injurious    imperfections. 

M7.  ROLLED  MILD  STEEL 

M7.1   Material  Covered 

M7.1.I  Rolled  mild  .steel  bars,  bar  size  and  structural  shapes,  and  plates  ham- 
mered, pressed,  cut  or  machined  for  fittings  and  appurtenances,  reinforcements, 
switch  rods,  clips,  braces,  slide  and  turnout  plates,  base  and  special  tie  plates,  hold 
down  housings,  stops,  heavy  joint  bars  for  the  internal  joints  of  solid  manganese 
steel  crossings,  corner  braces,  etc.,  but  not  including  standard  tie  plates. 

M7.2  Manufacture 

M7.2.1  Bar  and  bar  size  shape  stock  shall  be  produced  in  conformance  with 
the  latest  issue  of  ASTM  A663  Specification  for  Merchant  Qualit\  Hot-Rolled 
Carbon  Steel  Bars,  Grade  60. 

M7.2.2  Structural  shape  and  plate  stock  shall  be  produced  in  conformance 
with  tlie  latest  issue  of  ASTM   A36  Specification  for  Structural  Steel. 
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M7.3  Chemical  Requirements 

M7.3. 1   The  steel  shall  conform   to  the  following  as  to  chemical  requirements: 

Phosphorus,  Max.,  Percent  0.04 

Sulphur,  Max.,  Percent  0.05 

Copper,  When  Copper  Steel  Is  Specified,  Min.,  Percent  0.20 

M7.4  Tensile  Requirements 

M7.4.1  When  specified  in  the  order  or  contract,  one  tensile  test  representing 
the  material  employed  shall  be  made  in  accordance  with  the  test  specimen  and 
procedure  set  forth  in  the  respective  specifications. 

M7.4.2  The  material  represented  ])y  the  tensile  test  sf>ecimen  shall  conform 
to  the  following  requirements: 

Min.  Max. 

psi  MPa  psi  MPa 

Tensile  Strength   A663  Crade  60  60,000         415  72,000         495 

A36  58,000         400  80,000         550 

M7.5  Workmanship  and  Finish 

M7.5.1  Pemiissible  variations  in  the  size  and  dimensions  of  as  rolled  finished 
bars,  shapes  and  plates  shall  be  as  pro\ided  in  the  specifications  referred  to  in 
M7.2. 

M7.5.2  Completed  articles  shall  be  accurately  finished  for  the  purpose  in- 
tended,  and  shall   be  free  from   injurious  imperfections. 

M8.  ROLLED  STEEL  FROG  FILLER 

M8.1   Material  Covered 

M8.1.1  Rolled  steel  bars  of  a  shape  to  be  fitted  as  a  spacer  into  the  fishing 
area   between    two   standard   tee   rail   sections. 

M8.2  Manufacture 

M8.2.1  Filler  bars  sliall  be  hot  rolled  from  steel  produced  b\  an\  accepted 
steelmaking  process. 

M8.3  Heat  Treatment 

M8.3.1  When  specified  in  the  order  or  contract,  the  bars  shall  l>e  heat  treated 
to    provide   the   minimum    hardness   specified    in    M8.5.1. 

M8.4  Chemical  Requirements 

M8.4.1  The  steel  shall  conform   to   the  following  as  to  chemical  composition: 


Percent 
Min.  Max. 


Carbon  0.35  0.60 


M8.5  Hardness  Requirement 

M8.5.1   When   tlie   filler  bars   are  specified  in   the  order  or  contract  to  be  heat 
treated,   they   shall   conform   to  the   following  hardness  requirements: 


Brinell  Hardness  Number  277  Minimum 
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M8.6  Workmanship  and  Finish 

M8.6.1  The  bars  shall  be  snioodi,  straight  and  within  thf  diniiMisions  specified 
in  M8.6.2  through  M8.6.4.  It  may  be  necessary  to  machine  as  rolled  filler  l)ars  to 
meet  these  requirements  in  the  case  of  certain  rail  sections. 

M8.6.2  The  fishing  height  of  the  as  rolled  filler  bars  shall  not  varv  from  that 
called  for  by  the  rail  section  specified  by  more  than  1/64"  (0.4  mm)  over  or  1/32" 
(0.8  mm)   less  than  the  nominal  dimensions. 

M8.6.3  The  width  of  the  as  rolled  filler  bars  between  the  rail  web  contact 
faces  shall  not  vary  more  dian  1/16"  (1.6  nun)  over  or  under  the  dimension 
specified. 

M8.6.4  The  depth  of  the  flangeway  groove  shall  not  vary  more  than  1  16" 
(1.6   mm)    under  or  3/16"    (4.8  mm)   over  the  dimension  .specified. 

M9.  HELICAL  SPRINGS 

M9.1  Material  Covered 

M9.1.1  Helical  .springs  for  spring  rail  frogs  and  spring  switch  operating 
mechanisms. 

M9.2  Manufacture 

M9.2.1  Springs  hot-coiled  from  hot-rolled  round  steel  bars  %"  (9.5  mm)  and 
larger  in  diameter  shall  be  produced  in  conformance  with  the  latest  issue  of  ASTM 
.\125   Specification   for  Heat-Treated   Steel   Helical   Springs. 

M9.2.1.1  As  provided  in  specification  A125,  the  .springs  shall  be  made  from 
carbon  steel  bars  conforming  to  the  requirements  of  the  latest  issues  of  ASTM 
A689  Specification  for  Carbon  and  Alloy  Steel  Bars  for  Springs,  and  ASTM  A29 
General  Requirements  for  Steel  Bars  Carbon  and  Alloy,  Hot-Rolled  and  Cold- 
Finished. 

M9.2.2  Springs  may  also  be  made  from  cold-drawn  or  oil-tempered  wire  less 
than  H"  ( 13  mm )  in  diameter  and  produced  in  conformance  with  the  latest  issue 
of  ASTM  A228  Specification  for  Steel  Wire,  Music  Spring  Quality,  or  ASTM  A229 
Specification    for    Steel    Wire,    Oil-Tempered    for    Mechanical    Springs    respectively. 

.M9.3  Heat  Treatment 

M9.3.1  Hot-coiled  springs  produced  in  accordance  with  Specification  .\125 
must  be  quenched  and  tempered  after  forming  to  meet  the  hardness  requirements 
of  the  specification. 

M9.3.2  Springs  manufactured  from  prehardened  wire  produced  in  accordance 
with   Specification   A228  or  A229  are   not   heat  treated  after  forming. 

M9.4  Chemical  Requirements 

M9.4.1  Unless  otherwise  specified,  A125  specification  provides  that  the  springs 
shall  be  made  from  hot-rolled  carbon  steel  bars  conforming  to  the  chemical  compo- 
sition requirements  of  the  latest  issue  of  ASTXf  A689  Specification  for  Carbon  and 
Alloy  Steel  Bars  for  Springs.  AISI  grade  designation  109.5  steel  is  most  commonly 
used. 

M9.4.1.1  Due  to  hardenability  limitations  of  carbon  steel,  it  is  suggested  that 
the  bar  diameter  be  limited  to  1^"  (41.8  nun)  ma.ximum  in  order  to  withstand  the 
maximum   test  stress   requirements  of  Specification  A125. 

M9.4.2  The  chenncal  composition  for  cold-drawn  and  oil-tempered  wire  for 
springs  shall  conform  to  the  re(iuiremeiits  provided  in  the  respecti\e  A228  and  .\229 
specifications. 
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M9.5  Mechanical  Requirements 

M9.5.1  The  iiifchanical  requirements,  number  of  tests,  and  test  procedures  are 
detailed  in  Specification  A125  for  the  hot-coiled  and  heat  treated  spring  steel,  and 
in  A228  for  the  cold-drawn,  and  A229  for  the  oil-tempered  spring  steel  wire. 

M9.6  Physical  Requirements 

M9.6.1  Measurements,  permissible  variations  from  drawings,  and  physical 
tests  on   finished  springs  shall  be  as  detailed  in  Specification  A 125. 

M9.7  Workmanship  and  Finish 

M9.7.1  The  surface  of  hot-coiled  springs  shall  be  in  the  as-quenched  and 
tempered  condition. 

M9.7.2  The  surface  of  all  springs  shall  be  free  of  injurious  imperfections. 

MIO.  JOINT  BARS 

Ml 0.1   Material  Covered 

MIO.  1.1  Rolled  steel  joint  bars  of  standard  design,  conmionly  used  in  pairs 
for  the  purpose  of  joining  the  ends  of  standard  tee  section  rails. 

MIO.1.2  Special    bars    for    interior   joints    for    solid    manganese    steel    crossings. 

MIO.  1.3  Compromise  joint  bars  commonly  used  in  pairs  for  the  purpose  of 
joining  the  ends  of  rails  of  different  sections  and/or  different  joint  drillings. 

MlO.2  Manufacture 

M  10.2.1  Rolled  steel  joint  bars  of  standard  design  as  defined  in  MIO.  1.1  shall 
be  produced  in  confonnance  with  the  latest  issue  of  the  AREA  or  ASTM  A49  Speci- 
fications for  Quenched  Carbon  Steel  Joint  Bars. 

MIO. 2. 1.1  At  the  option  of  the  purchaser,  high  carbon  rolled  steel  joint  bars  of 
standard  design  produced  in  conformance  with  die  latest  issue  of  the  AREA  Speci- 
fications for  High  Carbon  Steel  Joint  Bars,  or  ASTM  A3,  Grade  3,  Specifications 
for  Steel  Joint  Bar.^,  Low,  Medium,  and  High  Carbon,  ( Xon-Heat  Treated),  may 
bt  specified. 

M  10.2.2  Special  joint  bars  as  defined  in  MIO.  1.2  and  compromise  joint  bars  as 
defined  in  MIO.  1.3  may  be  rolled,  pressed,  machined,  forged  or  cast,  and  shall  be 
produced,  at  the  option  of  the  manufacturer  unless  otherwise  specified,  in  con- 
fonnance with  the  requirements  indicated: 

M  10.2.2.1  Higher  carbon  steel  forgings  shall  be  produced  as  specified  in 
M6.2.2  and  related  requirements  under  M6.  Steel  Forgings. 

M  10.2.2.2  High  strength  steel  castings  shall  be  produced  as  specified  in  M3.2.1 
and  related  requirements  under  M3.  Carbon  Steel  Castings. 

M  10.2.2.3  Rolled  mild  carbon  steel  for  heavy  bars  for  interior  joints  in  solid 
manganese  steel  crossings  shall  be  produced  as  specified  in  M7.2.1  and  related  re- 
(luireiuents   under  M7.   Rolled   Mild  Steel. 

M10.3  Chemical  and  Mechanical  Requirements 

M  10.3.1  Chemical  and  mechanical  reciuirements.  and  tests  wiu'u  specified  1)\ 
the  purciiaser  in  the  order  or  contract,  shall  be  in  accordance  witii  those  intlicated 
in  the  specification  for  the  particular  material  utilized. 
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M10.4  Workmanship  and  Finish 

10.4.1  Workmanship  and  finish  shall  he  as  required  in  the  specification  indi- 
cated  for  the   particular  material   utilized. 

Mil.  BOLTS  AND  NUTS 

Mll.l  Material  Covered 

Mil. 1.1  Heat  treated  steel  track  holts,  and  nuts  for  use  in  standard  rail  joints, 
compromise  joints,  and  switch  heel  joints. 

Ml  1.1. 2  Heat  treated  steel  bolts,  and  nuts  for  use  in  frogs,  crossings,  and  guard 
rails  of  special  trackwork. 

Ml  1.1. 3  Heat  treated  steel  bolts,  and  nuts  for  applications  other  than  those 
defined   in   Mil. 1.1   and  Mil. 1.2. 

Mil. 2  Manufacture 

Ml  1.2.1  Heat  treated  steel  track  bolts,  and  nuts  as  defined  in  Ml  1.1.1  shall 
be  produced  in  conformance  with  thet  latest  issue  of  the  AREA  or  ASTM  A 183 
Specifications   for   Heat  Treated  Carbon   Steel  Track   Bolts,  and  Carbon   Steel   Nuts. 

Ml  1.2. 1.1  The  steel  track  bolts  and  nuts  (Mll.1.1)  shall  be  in  accordance  with 
the  design  and  dimensions  specified  by  tlie  purchaser  in  the  order  or  contract, 
subject    to   the   pemiissible   tolerance   variations   detailed   in   the   specifications. 

Ml  1.2.2  Heat  treated  steel  bolts  and  nuts  as  defined  in  Ml  1.1. 2  and  Ml  1.1.3 
shall  be  produced  in  conformance  witli  the  chemical  requirements  (composition), 
mechanical  requirements  ( tension  and  bend  tests ) ,  and  in  general  and  as  far  as 
applicable,  to  die  latest  issue  of  the  AREA  or  ASTM  A183  Specifications  for  Heat 
Treated  Carbon  Steel  Track  Bolts  and  Carbon  Steel  Nuts. 

Ml  1.2.2.1  The  requirements  for  full  size  tension  testing  of  a  bolt  and  nut 
as.sembly  (strip  test)  is  provided  in  Mil. 4  in  order  to  include  bolt  diameters  be- 
yond the  scope  of  the  AREA  or  ASTM  A183  specifications. 

Mll.2.2.2  The  steel  bolts  and  nuts  (Mil. 1.2  and  Mil. 1.3)  shall  be  in  ae- 
cordance  with  the  design,  dimensions  and  other  physical  attributes  defined  in 
Ml  1.3. 1.1   through  Ml  1.3. 1.6. 

MI1.3  Dimensions  and  Other  Physical  Attributes 

Ml  1.3.1  The  heat  treated  bolts  and  the  nuts,  other  than  track  bolts,  shall  eon- 
form  to  the  following  details: 

Mil. 3. 1.1  Diameter  of  Bolts 

Ml  1..3. 1.1.1  Main  bolts  or  bolts  through  the  body  and  fillers  of  frogs,  guard 
rails,  and  cro.ssings  of  .special  trackwork  and  applicable  nuts  (Ml  1.1.2)  shall  be  of 
the  following  diameters: 

•  1%"   (34.9  mm)   for  rail  sections  heavier  than  110  lb.  per  yard  (.54.6  kg/m). 

•  l!i"    (31.8  mm)    for  rail  stx.'tions   110  lb.  per  yard    (54.6  kg/m)   or  lighter, 
down  to  and  including  rails  having  3"    (76.2  mm)   fishing  height. 

•  1)k"  (28.6  mm)  for  rail  sections  having  less  than  3"  (76.2  mm)  fishing  height. 

•  Fishing  height  is  measured  on  vertical  center  line  of  rail. 

M11.3. 1.1.2  The  diameter  of  other  bolts,  and  applicable  nuts  (MI  1.1.3)  shall 
be  as  specified  on  the  detail  plans. 
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Ml  1.3.1.2  Bolt  Head 

Mil. 3. 1.2.1  The  head  of  the  bolts  for  special  trackwork  (Mil.  1.2  and  Ml  1.1. 3) 
shall  conform  to  the  latest  issue  of  the  American  National  Standard  Institute,  square 
bolt   requirements,   ANSI    B18.2.1,   except   where   other\vise   shown  on   detail  plans. 

Mil. 3. 1. 3  Nuts 

Ml  1.3. 1.3.1  The  nuts  shall  conform  to  the  latest  i.ssue  of  the  American  National 
Standard  Institute  heavy  square  nut  requirements,  ANSI  BI8.2.2. 

Ml  1.3.1.3.2  The  nuts  .shall  be  produced  from  medium  carbon  steel  with  a 
carbon  content  of  0.40  to  0.55?. 

Ml  1.3.1.4  Bolt  and  Nut  Threads 

Ml  1.3. 1.4.1  The  bolt  and  nut  threads  shall  conform  to  the  latest  issue  of  the 
American  National  Standard  Institute,  Unified  Screw  Thread  Requirements,  ANSI 
Bl.l,  Coarse  Thread  Series,  UNC,  with  tolerance  and  allowance  in  accordance  with 
Class   2A  for  external   threads    (bolts),  and  Class  2B  for  internal  threads    (nuts). 

Mll.3.1.5  Bolt  Body 

Ml  1.3. 1.5.1  The  bolts  shall  have  unthreaded  shanks  within  the  limits  of  the 
latest  issue  of  die  American  National  Standard  Institute  Square  Bolt  Requirements, 
ANSI  B18.2.1,  but  not  less  than  the  minimum  major  diameter  of  the  threads. 

Ml  1.3. 1.5.2  When  specified  by  the  purchaser  in  the  order  or  contract  bolts 
shall  have  bodies  within  the  following  dimensions: 

Maximum  Diameter  =  Nominal  Diameter  +   0.0 
Minimum  Diameter  ^  Nominal  Diameter  —  0.010" 

Mil. 3. 1.6  Bolt  Fittings 

Ml  1.3. 1.6.1  Bolts  shall  be  equipped  as  shown  on  the  detail  plans  with  head 
locks,  spring  washers,  and  flat  or  beveled  washers  to  proxide  square  bearing  and  to 
permit  tightening   of   nuts   witli   a   standard  wrench. 

Ml  1.4  Full  Size  Tension  Test 

Mll.4.1  Full  size  tension  test  of  bolt  and  nut  assembly  (strip  test'  shall  be 
required  only  on  bolts  for  frogs  and  switches. 

Ml  1.4.2  The  threads  of  the  nut  shall  not  "strip"  or  the  bolt  break  when  the 
bolt,  with  nut  fully  mounted,  is  tested  in  tension  to  the  load  indicated  for  tlie  gi\en 
nominal  bolt  size: 

Nominal  Bolt 
Size,  In.  (mm) 


% 

(19) 

In 

(22.2) 

1 

(25.4) 

V/h 

(28.6) 

i;^ 

(31.8) 

1% 

(34.9) 

Stress 

Area 

Inr 

(cm"") 

0.334 

(2.15) 

0.462 

(2.98) 

0.606 

( 3.m ) 

0.763 

(4.92) 

0.969 

(6.25) 

1.155 

(7.45) 

A/j;i.  Test 

Load 

Ibf 

(kN) 

36,700 

(163) 

50,800 

(226) 

66,600 

(296) 

83,900 

(373) 

106,600 

(474) 

127,000 

(565) 
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Mil. 5  Workmanship 

Ml  1.5.1  The  bolts  and  nuts  .shall  be  free  of  imperfeetions  that  affect  servic-e- 
ability. 

M12.  SPRING  WASHERS 

Ml 2.1  Material  Covered 

M12.1.1  Spring  washers,  single  or  double-coil,  for  all  bolts  of  %"  (19  mm) 
to  I/b"    (34.9  mm)   diameter  for  use  in  special  trackwork. 

Ml 2.2  Manufacture 

M  12.2.1  Spring  washers  described  in  M 12. 1.1  shall  be  produced  in  conformance 
with  the  latest  issue  of  AREA  Specification  for  Spring  Washers  except  thiit  the 
revisions  and  additions  to  the  specification  detailed  in  M 12. 3. 1.2  and  Ml 2.3.3.1 
shall  govern. 

M  12.2.2  Spring  washers  shall  be  manufactured  from  steel  of  such  composition 
tliat  the  washers,  after  heat  treatment  by  oil  quenching  and  tempering,  will  meet  all 
the  mechanical  property  requirements  of  the  AREA  specifications  and  the  revisions 
specified  herein. 

M12.3  Mechanical  Requirements 
Ml 2.3.1  Reactive  Pressure 

M 12. 3. 1.1  When  tested  as  prescribed  in  the  "Method  of  Testing"  and  "Mechani- 
cal Strength"  portions  of  the  AREA  Specifications  for  Spring  Washers: 

M12.3. 1.1.1  Spring  washers  for  all  bolts  Us"  (28.6  mm)  and  less  in  diameter 
for  all  special  trackwork  purposes  shall  meet  the  specified  minimum  reacti\e  spring 
pressure  requirement  for  the  particular  washer  size. 

M12.3.1.1.2  Spring  washers  for  1)4"  (31.8  mm)  and  1%"  (34.9  mm)  diameter 
bolts  to  be  used  witli  turnout  frogs  and  guard  rail  assemblies  shall  meet  the  speci- 
fied minimum  reactive  spring  pressure  requirements  for  Di"  (31.8  mm)  bolt  washers. 

M12.3.1.2  Spring  washers  for  1/4"  (31.8  mm)  and  1%"  (34.9  mm)  diameter 
bolts  to  be  used  in  crossing  frogs  shall  be  tested  in  accordance  witii  tlie  following 
re\isions,  requirements,  and  additions  to  the  "Method  of  Testing"  for  reacti\e  load 
in  the  AREA  Specifications  for  Spring  Washers. 

M12.3.1.2.1  The  reactive  pressure  tests  of  the  specimens  shall  be  conducted  in 
a  compression  machine  of  approved  design,  equipped  with  a  deflection  gage,  gradu- 
ated in  0.001"  and  located  so  that  readings  are  taken  from  appro.ximately  the  center 
of  tile  platens.  Each  specimen  shall  be  preloaded  three  times  to  60,000  lb.  (267 
k\)  betv\een  iuirdened  steel  blocks  and  completely  relea.sed.  The  specimen  will 
then  be  compressed  with  tlie  fourth  60,000-lb.  (267  kN)  load  and  rele;ised  to  a 
relea.se  point,  at  which  release  point  the  reacti\e  load  shall  be  not  less  tlian  10,000 
lb.   (44.5  kN). 

The  release  point  shall  be  as  deternn'ned  from  tests  conducted  in  the  manner 
hereinafter  described  on  six  specimens  of  the  design  and  size  of  washer  involved. 
Each  specimen  shall  be  compressed  in  the  testing  machine  bet\veen  an  ANSI  heavy 
mediimi-carbon  nut  with  a  short  length  of  its  bolt  as  one  bearing  face  and  a  4" 
( 102  mm )  square  steel  plate  of  not  to  exceed  150  Brinell  with  a  hole  drilled  in  the 
center  1/16"  (1.2  mm)  larger  than  the  nominal  bolt  diameter  as  the  other  bearing 
face.  The  faces  on  bodi  sides  of  tlie  nut  and  plate  shall  be  machined  or  groimd 
for  each  specimen  tested  to  provide  flat  and  parallel  bearing  surfaces.  The  specimen 
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shall  be  oriented  to  have  one  coil  end  close  to  the  middle  of  one  side  of  the  nut. 
Load  the  specimen  to  40,000  lb.  ( 178  kN )  and  record  the  gage  reading  for  that 
position  of  the  platens.  Increase  the  test  load  to  60,000  lb.  (267  kX).  Then  release 
the  platens  until  the  distance  between  them  is  0.030"  (0.8  mm)  greater  than  the 
gage  reading  taken  at  the  40,000-lb.  (178  kN)  load  and  record  the  reactive  load 
remaining.  The  same  specimen  after  two  additional  preloads  of  60,000  lb.  (267 
kN)  between  hardened  steel  blocks  shall  then  be  released  from  a  load  of  60,000 
lb.  (267  kN)  to  tliis  same  reactive  load  and  the  release  distance  recorded.  The 
average  release  distance  so  obtained  for  the  six  specimens  shall  constitute  the 
release  point  for  all  reactance  acceptance  tests  of  that  design  and  size  of  washer. 

M12.3.2  Ductility 

M  12.3.2.1  The  ductility  test  for  single-coil  washers  shall  be  conducted  as 
prescribed  in  the  AREA  Specifications  for  Spring  Washers. 

M12.3.3  Number  of  Tests 

M  12.3.3.1  The  number  of  mechanical  requirement  tests  indicated  in  the  AREA 
Specification  for  Spring  Washers  is  revised  to  require  testing  of  three  spring 
washers.    Acceptance  criteria  in   the  AREA   Specification   remains   unchanged. 

Ml 2.4  Workmanship  and  Finish 

M  12.4.1  All  washers  shall  be  finished  in  a  workmanlike  manner,  and  be  free 
from   injurious  imperfections. 

M13.  RIVETS 

M13.1  Material  Covered 

M13.1.1  Steel  rivets  of  button  or  flat  countersunk  manufactured  head  shape 
for  general  use  in  special  trackwork. 

M13.2  Manufacture 

M13.2.1  Steel  rivets  described  in  M13.1.1  shall  be  produced  in  conformance 
with  the  latest  issue  of  the  American  National  Standard  Institute  requirements  for 
Large  Rivets,  J2"    (12.7  mm)    Nominal  Diameter  and  Larger,  ANSI  B18.1.2. 

M  13.2.2  The  rivets  shall  be  manufactured  in  accordance  with  tiie  requirements 
of  the  latest  issue  of  ASTM  A502,  Grade  1,  Specifications  for  Steel  Structural  Ri\ets. 

M13.3  Workmanship 

M  13.3.1  Finished  rivets  shall  be  free  from  imperfections  that  affect  their 
serviceability. 

Report   on   Assignment  4(a) 

Bridge  Expansion  Joints 

V.  M.  ScHWiNG  (chairman,  suhcommiUee),  C.  W.  Alexander,  R.  C.  Arnlund,  R.  E. 
Clemons,  D.  E.  Grouser,  Jr.,  C.  R.  Fulchum,  R.  J.  H.\rdenbergh,  E.  P. 
IIatten,  R.  a.  Kendall,  A.  D.  Kerr,  A.  J.  Kozak,  M.  E.  McGinley,  R.  N. 
Schmidt. 

Your  Gommittee  recommends  that  a  reference  be  added  to  the  Table  of  Gon- 
tents  for  Ghapter  5  reading  as  follows: 
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"The  use  of   rail   expansion  joints  for  bridges   is  covered  in  Chapter   15,  Steel 
Structures." 

This  will  close  out  this  subject. 

Report   on   Assignment   5 

Turnout  and  Crossing   Design 

L.  C.  Kevins  (chairman,  subcommittee),  S.  W.  Brunner,  C.  M.  Cowles,  W.  C. 
Crone,  E.  E.  Frank,  P.  E.  Gordenier,  R.  J.  Jones,  G.  G.  Knupp,  R.  E. 
KusTON,  L.  P.  McKenna,  L.  A.  Pelton,  L.  L.  Rexuch,  A.  J.  Schavet,  X.  J. 
Skoutelas,  E.  H.  Taylor,  L.  Tameling,  A.  F.  Ubali,  E.  R.  Wiltz. 

(a)   Types   of  Crossing  Frogs   in   use  as   related   to   speed,   tonnage,  etc. 

Your  Committee  recommends  the  following  criteria  for  selecting  types  of 
crossing  frogs  be  published  as  Portfolio  material  as  Plan  700A-78  of  the  Port- 
folio of  Trackwork  Plans  and  "PROPER  USAGE  OF  THE  VARIOUS  TYPES 
OF  FROGS"  be  published  as  Plan  No.  300-78: 

( d )  Investigate  the  possibility  of  recommending  either  horizontal  or  vertical 
switch  rods  on  AREA  plans. 

Your  Committee  recommends  that  the  trackwork  plans  be  revised  as  follows: 
Add   the   following  notation   to  AREA  plans  222-66;   6-62,   Sh.   2;   8-62; 
Sh.  2;    10-62,  Sh.  2;    15-62,  Sh.  2;   and  20-62,  Sh.  2: 
"Adjustable  Vertical  Switch  Rods  approved  by  the  purchaser  may  be  used 
in  place  of  horizontal  switch  rods." 

(e)  Investigate  the  desirability  of  revising  AREA  design  621  and  62  frogs  to 
show  a  depressed  heel. 

Your  Committee  recommends  that  tlie  trackwork  plans  be  revised  to  pro- 
\ide  a  depressed  heel  on  AREA  plans  621-59,  622-55,  623-55,  624-55,  625-55, 
6-71,  Sh.  3;  8-71,  Sh.  3;   10-71,  Sh.  3;  15-73,  Sh.  3  and  20-73,  Sh.  3. 
Types  of  Crossing  Frogs  in  Use  as  Related  to  Speed,  Tonnage,  Etc, 

1.  Bolted  Rail  Crossings 

(a)  Single-rail  bolted  rail  crossings  may  be  used  in  certain  branch  lines,  yard 
tracks  and  industrial  tracks  where  speed  does  not  exceed  25  mph  and 
where  traffic  density  does  not  exceed  7/2  million  gioss  tons  annually. 
Single-rail  crossing  design  shall  be  used  for  angles  9"-3r-38"  to  but 
not  including  25"-00'-00".  Plan  References  708-71  and  710-71. 

(b)  Two-rail  bolted  rail  crossings  may  be  used  in  certain  branch  lines,  yard 
tracks  and  industry  tracks  where  speed  does  not  exceed  40  mph  and 
where  traffic  density  does  not  exceed  7%.  million  gross  tons  annually.  Two- 
rail  bolted  crossings  shall  be  used  for  angles  25''-()0'-0O"  to  fX)  -OO'-OO" 
inclusive.   Plan   References  706-59,   704-59,   702-59. 

(c)  Three-rail  bolted  rail  crossings  may  be  used  in  certain  branch  lines,  yard 
tracks  and  industry  tracks  where  speed  does  not  exceed  60  mph  and 
where  traffic  density  does  not  exceed  10  million  gross  tons  annually. 
Three-rail  bolted  rail  crossings  shall  be  used  for  angles  25°-00'-(K)"  to 
90°-00'-00"    inclusive.   Plan    References   705-59,   703-59,   701-59. 
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2.  Manganese  Steel  Insert  Crossings  and  Solid  Manganese  Steel  Crossings 

( a )  Manganese  steel  insert  and  solid  manganese  steel  crossings  may  be  used 
in  any  tract  with  intersection  angles  of  9^-3r-38"  to  90°-00'-00"  in- 
clusive. Plan  References  746-73,  747-73,  748-73,  75,5-59,  757-59,  761-71, 
768-71,  769-71,  771-59,  772-59,  773-59,  774-71,  775-71. 

(b)  Articulated  manganese  steel  crossings  may  be  used  in  any  track  with 
intersection  angles  40°-00'-00"  to  90°-00'-00"  inclusive.  Plan  References 
783-59  and  782-59. 

Types  of  crossing  frogs  in  use  as  related  to  speed,  tonnage,  etc.  Proposed  Plan 
No.  70OA-78. 

Note:  If  adopted,  this  plan  will  become  part  of  the  Portfolio  of  Trackwork  Plans. 
Proposed  plan  No.  300-78  is  already  in  the  Portfolio  with  no  plan  number. 

Manual   Recommendations 
Committee  5 — Track 

Report  on  Assignment  7 

Track  Maintenance 

R.  G.  Huston  (chairman,  subcommittee),  J.  O.  Born,  J.  E.  Campbell,  N.  H.  Cl.\rk, 
R.  G.  Garland,  C.  H.  Gaut,  S.  W.  George,  E.  E.  Howard,  J.  D.  Jardixe, 
G.  H.  Maxwell,  B.  C.  Mohl,  G.  W.  Morrison,  T.  C.  Xetherton.  B.  E. 
Pearson,  A.  G.  Trimble,  A.  J.  Zierow. 

Your  committee  recommends  for  adoption  and  publication  in  Chapter  5, 
Part  5,  of  the  manual  the  following  material  to  replace  existing  material  on  Pages 
5-5-4  through  5-5-4.2.  This  material  covers  Assignment  7-a,  Laying  Continuous 
Welded  Rail,  7-b,  Maintenance  of  Continuous  Welded  Rail  under  7-c,  CWR  Field 
Handbook. 

PART  5 

LAYING   AND   MAINTENANCE   OF   CONTINUOUS   WELDED   R.\IL 

TABLE  OF  CONTENTS 

5.1  DEFINITIONS    AND   PRESENT   PRACTICE 

5.2  PREPARATION  OF  TRACK  PRIOR  TO  UNLOADING  CWR 

5.3  HANDLING     AND     TRANSPORTING     CONTINUOUS     WELDED     RAIL 
(CWR) 

5.4  RECOMMENDED  LAYING  PROCEDURE  FOR  CONTINUOUS  WELDED 
RAIL   (CWR)   ON  EXISTING  TRACK 

5.5  CONSTRUCTION  OF  A  NEW  LINE  OF  RAILROAD  WITH  COXTIMOUS 
WELDED  RAIL 

5.6  INSPECTION  OF  CONTINUOUS  WELDED  RAIL  IX  TRACK 

5.7  MAINTENANCE  OF  CONTINUOUS   WELDED   RAIL   IN  TRACK 

5.8  TRANSPOSING  CONTINUOUS  WELDED  RAIL 

5.9  INDEX  OF  CONTINUOUS  WELDED  R.\IL  MATERIAL 


Manual  Recommendations  175 


PROPOSED   NEW    MANUAL   MATERIAL    AS    REVISED   FROM   THE   FIELD 

HANDBOOK  AND  PRESENT  MANUAL  MATERIAL,  TO  BE  PRESENTED 

AS  MANUAL  MATERIAL  TO  REPLACE  THAT  ON  PAGES  5-5-4 

THROUGH  5-5-4.2 

5.1  DEFINITIONS  AND  PRESENT  PRACTICE 

5.1.1  Definitions 

( 1 )  Continuous  Welded  Rail:  A  number  of  rails  welded  together  in  lengths 
of  40  feet  or  longer.  (Welded  Rail:  Rails  welded  together  in  lengths  of  400  feet 
or  less.) 

5.1.2  Present  Practice 

(  1  )  Present  practice  is  to  lay  CWR  in  lengths  of  approximately  1,320  or  1,440 
feet,  except  for  special  lengths  required  for  certain  locations  such  as  road  crossings, 
turnouts  or  railroad  crossings.  The  nomial  string  length  can  be  any  length  deemed 
practical  by  the  user,  considering  his  welding  facility,  length  of  rail  train,  physical 
characteristics  of  the  railroad,  equipment  available  or  any  other  reason. 

(2)  CWR  should  not  be  laid  across  long  open-deck  bridges  without  special 
consideration.  Additional  information  may  be  found  in  Chapter  #15  of  the  AREA 
Manual.  The  end  of  a  string  should  terminate  a  sufficient  distance  from  the  end  of 
a  bridge  to  allow  proper  anchorage.  Rail  anchors  should  not  be  used  on  an  open- 
deck  bridge  without  special  precaution.  If  structural  stresses  are  significant  on 
bridge,  CWR  can  be  laid  stress-free  by  using  sliding  rail  joints.  If  rail  cannot  be 
laid   stress-free,  a  structure  analysis  should  be  made  to  avoid  damage. 

(3)  Prior  to  tlie  laying  of  CWR,  the  maximum  and  minimum  rail  temperatures 
experiencetl  in  the  area  should  be  determined  and  recorded,  as  laying  procedures 
are  dependent  on  the  total  range  of  temperature  to  be  experienced  by  the  rail.  For 
more   detailed   information,   see   Section   5.4.16  on   subsquent  pages. 

5.2  PREPARATION  OF  TRACK  PRIOR  TO  UNLOADING 
CONTINUOUS  WELDED  RAIL  (CWR) 

5.2.1  Replace  defective  ties  so  that  a  good  tie  condition  is  assured  with  suffi- 
ciently sound  ties  to  maintain  adecjuate  gage,  surface,  and  line.  If  heavy  tie  renewals 
are  retjuired,  consideration  should  be  given  to  allowing  sufficient  time  to  allow 
restabilization  of  track  structures. 

5.2.2  Surface   and  line  should   be  corrected. 

5.2.3  If  required,  add  sufficient  ballast  to  provide  the  reconuuended  ballast 
section  for  CWR.   (See  AREA  Nhuiual  pages  1-2-7  and  1-2-8.) 

5.2.4  Prior  to  unloading  CWR,  present  practice  is  to  trench  through  road  cross- 
ings and  street  crossings  where  practical  and  fill  the  trench  with  old  ties  to  allow 
continued  use  of  the  crossings.  Also,  wing  fences  and  cattle  guards  should  be  re- 
moved. The  running  rail  of  motor  car  set-ofls  should  be  renuned  and  an  open 
trench  made  through  the  set-off  area  in  which  CWR  can  be  placed. 

5.2.5  CWR,  when  unloaded  on  open-deck  bridges,  should  be  secured  to  pre\ent 
lateral  mo\ement.  When  CWR  is  unloaded  across  open-deck  bridges,  it  is  generally 
necessary  to  provide  some  type  of  support  for  the  rail  on  each  side  of  tlie  bridge. 
These  supports  are  usually  timber  or  pieces  of  lightweight  rail  securely  fa.^tened 
in  the   spaces  between   the  bridge  tics  and  under  the  guard  rails  so  that  the  CWR 
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will  be  on  a  le\el  approximately  even  with  the  top  of  the  bridge  ties.  The  spacing 
of  these  supports  should  not  exceed  20  to  30  feet  center  to  center,  depending  on 
the  rail  section  stiffness.  When  rail  is  unloaded  across  ballasted-deck  bridges,  it  is 
generally  the  practice  to  unload  it  in  the  same  manner  as  on  regular  track,  exc-ept 
caution  should  be  taken  to  retain  the  rail  on  the  bridge  and  allow  for  proper  clear- 
ance for  traffic. 

5.2.6  Before  CWR  is  unloaded  over  open-deck  bridges,  all  hook  bolts,  spacers, 
and  other  fastenings  should  be  checked,  and  all  replacements,  additions,  and  tight- 
ening that  are  required  should  be  done. 


5.3  HANDLING  AND  TRANSPORTING  CONTINUOUS 
WELDED  RAIL  (CWR) 

5.3.1  Before  Loading  CWR 

( 1 )  Carefully  inspect  the  rail  train  running  gear,  draft  gear,  and  air  brake 
system   to  insure  no   irregularities  exist. 

(2)  Properly  position  all  coupler  blocking  to  insure  that  slack  action  will  not 
develop  in  transit.   Secure  lift-pin  handles  to  prevent  uncoupling. 

(3)  Tie-down  car  equipment  should  be  arranged  so  that  it  will  not  be  damaged 
when  loading  CWR  strings. 

(4)  All  defective  rollers  or  racks  should  be  replaced  or  repaired  and  the 
entire   train   lubricated   as   required. 

(5)  Transition  or  run-down  rollers  should  be  properly  elexated  and  secured 
to  provide  a  smooth  and  safe  operation. 

(6)  Train  must  be  blue-flagged  or  switch-spiked  against  the  loadine  track  or 
other  safety  precautions  taken  to  prevent  coupling. 

5.3.2  Loading  CWR 

( 1 )  Each  string  should  be  equipped  with  adequate  nosing  or  a  rail  shoe  for 
ease  in  guiding  strings  in  an  upright  position.  If  point  men  are  necessary  to  guide 
the  strings  on  the  train,  positi\e  communication  should  be  maintained  bet%veen  the 
point  man  and  pusher  operator. 

(2)  Each  string  should  overhang  the  terminal  rail  racks  on  the  end  cars  a 
sufficient  distance  to  insure  the  .strings  will  not  pull  through  the  terminal  rack  when 
the  train  is  negotiating  the  greatest  curvature  on  its  route.  Recommended  overhang 
length  is  15  feet  to  20  feet.  When  necessary,  lateral  restraint  should  be  provided  for 
these  strings  to  prevent  their  extending  beyond  the  sides  of  the  car  when  negotiating 
curves. 

(3)  Each  string  should  be  tied  down  secureb',  and  con\ enientK-  near  the  c-enter 
of  the  train.  A  paint  mark  should  be  made  on  tlie  head  of  each  rail  at  tie-down  point 
to  determine  if  rail  clamp  slippage   is  occurring  in  transit. 

(4)  A  loaded  buffer  car  of  sufficient  height  .should  be  placed  at  each  end  of 
the  rail  tran  before  movement  of  rail  to  its  destination  is  commenced. 

(5)  Lift-pin  handles  of  the  buffer  cars  should  be  secured  to  prevent  uncoupling. 
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5.3.3  Transporting  Continuous  Welded  Rail  (CWR) 

(1)  Each  rail  train  should  be  accompanied  by  a  person  qualified  to  insure 
its  proper  handling  and  to  inspect  the  load  and  train  at  every  opportunity  for  de- 
fective equipment  or  fastenings.  If  pro\  iding  a  rider  is  not  practical,  then  the  tie- 
down  of  each  rail  train  should  be  frequently  inspected  at  every  opportimity  by 
qualified  persons  to  assure  that  the  rail  remains  adequately  tied  down  throughout 
transit. 

(2)  The  loaded  rail  train  must  be  handled  as  a  unit  at  all  times  and  should 
be  positioned  next  to  the  engine  when  handled  with  other  traffic.  The  empty  rail 
train  should  be  handled  as  a  unit  at  the  rear  of  the  train. 

(3)  Sudden  stops,  starts,  and  rough  coupling  should  be  avoided.  Cars  should 
not  be  dropped  onto  a  rail  train  or  rail  train  dropped  onto  other  cars.  The  loaded 
or  empty  rail  train  should  not  remain  coupled  to  the  locomotive  when  it  is  switching 
other  cars. 

(4)  The  loaded  rail  train  speed  should  be  reduced  belou'  maximum  speeds 
as  necessary  in  the  territory  over  which  it  passes.  There  is  usually  no  speed  restric- 
tion on  an  empty  rail  train. 

5.3.4  Unloading  CWR 

( 1 )  The  locomotives  should  push  the  rail  train  during  unloading  operations 
so  die  enginemen  may  readily  see  the  entire  operation. 

(2)  The  train  and  engine  crews  should  be  instructed  that  rough  handling  with 
sudden  stops  or  jerks  will  not  be  permitted.  Sufficient  braking  should  be  main- 
tained on  the  rail  train  to  control  any  slack  run-in. 

(3)  Portable  radios  should  be  provided  in  order  that  constant  conununication 
may  be  maintained  betvveen  the  engine  crew  and  the  super\isors  in  charge  of 
unloading.  Radio  units  and  spares  should  be  checked  beforehand  to  insure  they  are 
operating  properly. 

(4)  CWR  should  be  unloaded  in  an  upright  position. 

(5)  Once  the  strings  have  been  drawn  through  the  unloading  threaders  and 
the  rail  is  partially  on  the  ground,  a  back-up  movement  should  not  be  permitted. 
If,  in  cases  of  emergency,  it  is  necessary  to  make  a  back-up  movement,  theii  each 
string  should  be  equipped  with  a  shoe  and  each  guided  by  a  point  man. 

(6)  CWR  strings  should  be  unloaded  on  each  shoulder  of  the  track  so  that 
the  strings  are  unloaded  as  near  to  the  ends  of  the  ties  as  possible.  Care  should  Ix" 
taken  to  offset  the  ends  of  the  strings  after  the  rail  is  unloaded,  and  periodic  checks 
should  be  made  to  see  that  the  ends  remain  offset  >mtil  tlie  rail  is  installed.  This  is 
necessary  to  prevent  rails  from  fouling  the  track  in  the  event  the  rail  moNcs.  A  block 
of  wood  may  be  used  between  rail  ends  to  maintain  the  offset. 

(7)  All  tie-down  fastenings  should  be  loaded  and  secured  before  the  empty 
rail  train  is  returned  to  tlie  welding  plant. 

5.4  LAYING  PROCEDURE  FOR  CONTINUOUS  WELDED  RAIL 
(CWR)  ON  EXISTING  TRACK 

5.4.1  Distribute  tie  plates  in  center  of  track  or  at  the  end  of  die  ties  as  the 
rail  handling  procedure  dictates. 

5.4.2  Material  should  be  distributed  ahead  of  laying  operation,  but  such  may 
be  done  within  the  laying  organization. 
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5.4.3  Remove  anchors,  throw  to  one  side  of  track  or  load  and  dump  in  piles. 

5.4.4  Remove  joint  bolts  unless  bolted  track  is  to  be  remo\ed  in  strings.  (Use 
of  machine(s)   recommended.) 

( 1 )  Remove  frozen  bolts  by  burning  or  cutting. 

(2)  Remove  old  joint  material  from  laying  area. 

5.4.5  Remove  spikes  (use  of  machine(s)  recommended),  load  scrap  and  dump 
in  piles  on  one  side  of  track. 

5.4.6  Set  old  rail  out.   A  crane  should  be  used  for  this  operation. 

5.4.7  Throw  out  old  plates  on  opposite  side  of  track  from  scrap. 

5.4.8  Plug  spike  holes. 

5.4.9  Remove  sufficient  ballast  from  cribs  for  adzing  and  anchor  appHcation. 
(Use  of  machine(s)  recommended.) 

5.4.10  Drive  spike  stubs. 

5.4.11  Adz  ties  sufficiently  for  good  plate  bearing.  (Use  of  machine(s)  rec- 
ommended for  unifonn  surface. )  The  adzed  surface  should  be  treated  widi  a 
preser\ati\  e. 

5.4.12  Place   plates   on   ties   in   proper   location    witli   cant   in   proper   direction. 

5.4.13  Set  tie  plates  to  gage.  Double-shoulder  tie  plates  should  be  used  for  all 
CWR  laid.  Every  fourth  tie  should  be  drilled  and  a  gage  plug  inserted  to  hold  plate 
to  gage.  (Use  of  machine(s)  recommended.)  The  rail  should  be  laid  at  56J2-inch 
gage  imless  specifically  changed  by  railroad. 

5.4.14.  The  welded  rail  should  be  placed  onto  tlie  plates  by  use  of  machine  with 
a  threader  or  tongs.  When  laying  CWR,  the  rail  ends  should  be  laid  without  ex- 
pansion gap. 

( 1  )  Where  it  is  necessary  to  move  strings  longitudinally,  the\-  shoidd  be 
pulled  into  position  to  maintain  rail  in  a  state  of  tension.  Bumping  CWR 
into  position  is  not  recommended. 

5.4.15  All  joints  should  be  either  field  welded  or  glued  and  insulated  joints 
glued. 

5.4.16  Rail  should  be  heated  or  cooled  as  necessary  to  the  desired  laying 
temperature,  or  adjusted  mechanically  at  a  later  time.  When  it  is  necessary  to  heat 
rail  to  the  preferred  laying  temperature,  the  procedures  to  be  followed  are: 

( 1 )  A  reliable  contact-type  pyrometer  be  used  in  order  to  determine  the 
rail  temperature  immediately. 

(2)  Reference  points  should  be  marked  on  the  rail  and  tie  plates  and  rail 
expanded  in  accordance  with  Table  II — Continuous  Welded  Rail  Ex- 
pansion Segments,  to  insure  that  the  rail  string  is  being  unifonnh" 
elongated. 

(3)  To  insure  that  the  rail  is  elongating  in  ac-cordance  with  die  heat  input, 
the  tie  plates  should  be  tapped  or  rail  Nibrated  to  assist  the  mo\ement 
of  tlie  rail. 

(4)  CWR  should  be  laid  when  the  temperature  is  within  the  temperature 
range  as  described  on  Table  I.  When  it  is  not  possible  to  lay  die  rail 
within  this  temperature  range,  it  is  desirable  to  adjust  at  a  later  date 
when  the  temperature  reaches  this  range.  Buffer  rails  less  diiui  39  ft  in 
length  may  be  used  as  desired.  The  preferred  laying  temperature 
should  be  calculated  from  Table  I.  The  la\ing  and/or  adjusted  tem- 
perature and  string  number  ma\'  be  painted  on  the  rail  at  the  end  of 
each  string  or  similar  effecti\e  tagging  pnK-edures  caiTied  out.  A  list  of 
these  temperatures  should  be  forwarded  to  the  proper  office  for  engi- 
neering reference. 
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Table  I 


Temperature  Laying  Temperature 

Range  (Referring  to   Mean) 

Degrees  F  Max.  Min. 

100°  —  5  —15 

110°  0  -10 

120"  +5  —  5 

130°  +10  0 

140°  +15  +  5 

150°  +20  +10 

160°  +25  +15 

170°  +30  +20 

Example:    In  an   area  where  CWR  is  to  be  laid,  the  maximum  summer  Rail 
Temperature    is     125°F    and    winter    — 35°F.    The    mean    temperature    is    125    — 

i^-   =   45'.    Referring  to   Table   I,   for  a  range  of   160°  F,   the  rail  is   to  be  laid 

between    (the  mean   temperature  +15),  and   (the  mean  temperature  +25),  or  be- 
tween 60°  and  70°. 

Table  II— CONTINUOUS  WELDED  RAIL  EXPANSION  SEGMENTS  (INCHES) 


Temperature 

Number 

of  39-Foot  Rail  Lengths 

Differential 

Degrees 

F 

9 

18 

27 

36 

5 

9/64 

9/32 

27/64 

9/16 

10 

9/32 

9/16 

27/32 

1  1/8 

15 

27/64 

27/32 

1 

17/64 

1  11/16 

20 

9/16 

1 

1/8 

1 

11/16 

2  1/4 

25 

45/64 

1 

13/32 

2 

7/64 

2  13/16 

30 

27/32 

1 

11/16 

2 

17/32 

3  3/8 

35 

63/64 

1 

31/32 

2 

61/64 

3  15/16 

40 

1/8 

2 

1/4 

3 

3/8 

4  1/2 

45 

17/64 

2 

17/32 

3 

51/64 

5  1/16 

50 

13/32 

2 

13/16 

4 

7/32 

5  5/8 

55 

35/64 

3 

3/32 

4 

41/64 

6  3/16 

60 

11/16 

3 

3/8 

5 

1/16 

6  3/4 

65 

53/64 

3 

21/.32 

5 

31/64 

7  5/16 

70 

31/32 

3 

15/16 

5 

21/32 

7  7/8 

5.4.17  Ties  should  be  pre-bored  with  machine(s). 

5.4.18  Drive  spikes  should  l>e  installed  in  accordance  with  the  practice  of  the 
railroad.   (U.se  of  machine(s)   recommended.) 

5.4.19  Rail  anchors  should  be  applied  ininiediately  behind  the  laying  of  CWR 
and  all  rail  laid  each  day  should  be  fully  anchored  before  the  day's  work  is  com- 
pleted. The  rail  should  be  anchored  in  accordance  with  Rail  Creepage — Number 
and  Position  of  Rail  Anchors  (Continuous  Welded  Rail),  Part  5,  this  Chapter,  on 
page  5-5-5.   (Use  of  machine(s)  recommended.) 

5.4.20  Joints  should  be  made  with  a  fully  bolted  standard  joint  except  where 
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field  welding  is  to  follow  promptly.  If  at  all  possible,  joints  should  not  occur  in  road 
crossings  or  on  an  open-deck  bridge. 

5.4.21  At  permanent  bolted  joints  when  necessary  to  field  cut  and  drill  rail, 
the  cut  shovdd  be  sawed  square,  the  holes  properly  drilled,  chamfered  or  peened 
and  deburred.  Rail  ends  of  all  field  cut  rail  should  be  beveled  and  endhardened,  if 
practical.  Flame  cuts  should  be  avoided.  (Flame  cutting  is  permitted  for  field  weld- 
ing, see  Section  4-2-6.7,  Chapter  4. ) 

5.4.22  If  field  welding  of  strings  is  to  be  done,  all  CWR  should  be  laid  or 
adjusted  to  the  preferred  laying  temperature  beforehand. 

5.4.23  Scrap  and  relay  material  should  be  picked  up  prior  to  final  surface 
and  alignment. 

5.4.24  Finish  surface  and  line  track.  Refer  to  5.2. .3  above.  (Use  of  machine(s) 
recommended. ) 

5.4.25  Dress  track.   (Use  of  machine(s)  recommended.) 

5.5  CONSTRUCTION  OF  A  NEW  LINE  OF  RAILROAD 
WITH  CONTINUOUS  WELDED  RAIL  (CWR) 

5.5.1  Before  CWR  installation  is  begun,  roadbed  and  sub-ballast  and  material 
distribution  should  be  complete.  Ties  should  then  be  placed,  properly  spaced  and 
lined.  Plates  should  be  placed  on  ties,  and  plates  on  each  fourth  tie  should  be  pre- 
gaged.  Concrete  ties  should  have  rail-holding  accessories  distributed  for  rapid 
application. 

5.5.2  Rollers  should  be  available  to  be  placed  in  hne  with  each  rail,  for  the 
length  of  one  string.  Rollers  should  be  supported  not  over  40  ft  apart  for  rail 
under  115  pounds  and  50  ft  apart  for  rail  115  pounds  and  o\er.  Top  of  roller 
should  be  a  minimum  of  3  in.  above  rail  seat. 

5.5.3  A  w1de-a.\le  machine  (WAM)  with  boom  for  lifting  rail  to  make  con- 
nections and  removing  rollers,  should  be  available  to  straddle  ties,  moxing  awa>' 
from  the  rail  train  while  pulling  two  rails. 

5.5.4  Rail  train  is  moved  to  the  end  of  existing  track.  A  ramp  car  should  be 
placed  at  the  end  of  the  rail  train  to  provide  a  transition  from  tlie  rail  train  to  the 
track   structure. 

5.5.5  Two  ramps  should  be  placed,  one  for  each  rail,  connecting  the  end  of 
car  to  the  top  of  running  rail.  This  will  avoid  dropping  of  rail  end  when  it  is  finally 
pulled  out  of  car. 

5.5.6  The  WAM,  straddling  ties,  should  cable-pull  two  rails  from  car  imtil 
ends  of  rail  can  be  connected  to  the  frame  of  tlie  WAM  at  approximate  gage. 

5.5.7  WAM  then  moves  away  from  the  rail  train,  pulling  both  rails.  The  rails 
will  lower  onto  the  rollers,  which  will  peniiit  both  rails  to  be  pulled  from  train  b>" 
WAM   in  one  continuous  move. 

5.5.8  Three  temporary  gage  rods,  spaced  100  ft  apart,  starting  100  ft  be- 
hind the  WAM,  should  be  clamped  to  the  ball  of  tlie  two  rails  being  unloaded. 
These  rods  will  prevent  rails  being  pulled  by  WAM  from  bouncing,  spreading  or 
overturning. 

5.5.9  Radio  communication  between  starting  point,  WAM,  and  rail  train  engine 
is  essential.  Starting  point  ad\  ises  WAM  when  to  stop,  back  up  and  allow  joint 
connections  to  be  made  between  running  rails  and  rail  unloaded. 
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5.5.10  After  these  connections  are  made,  remove  rollers  and  seat  rail  on  plates 
working  away  from  rail  train.  Rollers  should  be  mo\ecl  ahead  on  the  neu'  construc- 
tion to  prepare  for  unloading  of  next  two  rails. 

5.5.11  Rail-holding  cle\'ices  on  concrete  ties  and  spikes  in  wood  ties  should 
then  be  applied  in  sufficient  quantity  to  preserve  gage  while  the  rail  train  is  mo\ed 
ahead. 

5.5.12  When  rail  train  reaches  the  end  of  rails,  process  can  be  repeated. 

5.5.13  If  open-deck  bridges  are  encountered,  rail  should  be  disconnected  from 
WAM,  and  tlie  WAM  mo\'ed  around  to  the  other  end  of  the  bridge.  The  rail 
should  be  pulled  across  bridge  by  cable,  then  reconnected  to  WAM  for  continued 
laying. 

5.5.14  Completion  of  track,  including  full  spiking,  application  of  rail  anchors 
or  other  devices,  ballasting,  surfacing,  lining  and  dressing,  should  follow  the  rail 
train  closely. 

5.6  INSPECTION  OF  CONTINUOUS  WELDED  RAIL  IN  TRACK 

5.6.1  Attention  should  be  given  to  adequacy  of  ballast  section,  particularly  at 
sinks,  culverts,  on  ballasted-deck  bridges,  at  ends  of  all  bridges,  road  crossings, 
through  tiunouts,  where  vehicles  are  driven  along  right-of-way,  and  where  foot  paths 
cross  tracks. 

5.6.2  In  tlie  spring  and  in  die  fall,  a  special  inspection  of  joints  in  welded  rail 
should  be  made  for  bent  and  missing  bolts.  At  this  time,  anchor  position  should 
be  checked  and  anchors  re-positioned  against  the  ties  if  necessary. 

5.6.3  Look  for  evidence  of  rail  moving  through  anchors.  It  may  be  necessary 
to  make  temperature  adjustments,  revise  anchor  pattern,  or  add  additional  anchors. 

5.6.4  Look  for  evidence  of  track  moving  downhill  or  with  the  current  of  traffic 
by  noting  if  anchored  ties  are  moving  toward  non-anchored  ties.  It  may  be  necessar\- 
to  relieve  undesirable  stresses  by  cutting  out  rail  at  head  end  of  movement  and 
adding  rail  at  other  end.  In  this  case,  additional  anchors  should  be  added. 

5.6.5  If  there  are  short  flat  spots  in  curve  alignment  or  minor  line  kinks  in 
tangent  track,  determine  if  ties  are  floating  in  the  ballast  section  by  digging  out  a 
tie  end.  Welded  rail  must  be  kept  tightly  tamped. 

5.6.6  Determine  if  base  of  rail  is  seated  uniformly  on  tie  plates.  If  rail  is  tilted 
on  one  side  of  base,  it  may  be  necessary  to  relieve  pressure  to  prevent  buckling  or 
pull-apart. 

5.7  MAINTENANCE  OF  CONTINUOUS  WELDED 
RAIL  (CWR)  IN  TRACK 

5.7.1  General 

( 1 )  Recommend  AREA  ballast  section  should  be  maintained  at  all  times.  When 
ballast  is  disturbed,  consideration  should  be  given  to  the  use  of  ballast  compacting 
equipment  to  minimize  the  effect  of  the  disturbance. 

(2)  Good  tie  condition  should  be  maintained  at  all  times  with  sufficientK 
sound  ties  to  maintain  adefiuate  gage,  surface  and  line. 

( 3 )  Rail  anchorage  should  be  maintained  in  accordanci-  w  itli  "Rail  Cieepage — 
Number  and  Position  of  Rail  Anchors"  (Continuous  Welded  Rail),  Part  5,  of  this 
Chapter  5  (page  5-5-5  of  AREA  Manual). 
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(4)  Tie  renewals  and  surfacing  should  be  carried  out  when  the  temperature 
is  the  same  or  lower  than  the  laying  or  adjusting  temperature. 

5.7.2  Tie  Renewals 

( 1 )  Do  not  renio\  e  more  ballast  from  ends  of  ties  to  be  replaced  or  from  cribs 
than  is  absolutely  necessary. 

(2)  Surface  and  alignment  of  track  should  not  be  disturbed  more  than  is 
absolutely  necessary. 

(3)  There  should  be  sufficient  adjacent  ties  properly  spiked  for  ever>-  tie 
from  which  spikes  and  anchors  have  been  removed.  Where  heavy  tie  renewals  are 
required,  renewals  should  be  done  in  two  or  more  passes,  and  sufficient  time  should 
be  allowed  between  passes  to  insure  that  the  new  ties  are  firmly  embedded  in  the 
ballast. 

(4)  Installation  of  spikes  and  rail  anchors  should  be  made  immediately  after 
new  tie  insertion. 

(5)  Upon  completion  of  tie  renewals,  recommended  ballast  section  should 
be  immediately  re-established. 

5.7.3  Surfacing 

( 1 )  Track  should  not  be  surfaced  until  sufficient  ballast  is  distributed  to  pro- 
vide recommended  ballast  section  after  surfacing. 

(2)  Track  should  not  be  raised  more  than  necessary  to  maintain  good  surface. 

(3)  When  surfacing  track  out-of-face,  both  rails  should  be  raised  simultaneously, 
maintaining  cross  level. 

5.7.4  Lining 

( 1 )  Track  should  not  be  lifted  above  established  profile  when  lining. 

(2)  Ballast  must  be  replaced  at  the  ends  of  ties  immediately  after  lining. 

5.7.5  Repair  of  Buckled  Track 

( 1 )  When  immediate  temporary  repairs  are  necessary,  track  should  be  lined  to 
best  possible  curve,   and  the  required  clearance  pro\  ided. 

(2)  For  permanent  repairs,  tracks  should  be  restored  to  correct  line  and 
specification  for  CWR. 

5.7.6  Repair  of  Broken  Rails,  Pull-Aparts  and  Other  Defects 

( 1 )  If  tlie  rail  pull-apart  is  3  in.  or  less,  anchors  should  be  removed  on 
the  side  of  the  tie  away  from  the  joint  and  heat  applied  to  botli  rails  a  sufficient 
distance  to  obtain  closure.  Mechanical  means  ma\  be  substituted  for  heat.  Rail 
anchors  should  be  remo\ed  and  reapplied  inmiediateK^  after  obtaining  rail  closure. 

(2)  Broken  rails,  defective  rails  or  pull-aparts  in  excess  of  3  in.  should  be 
repaired  by  saw  cutting  in  a  short  section  of  rail  not  less  than  18  ft  in  length. 
When  necessary,  this  rail  should  be  adjusted  at  a  later  date,  according  to  the 
specifications  of  Table  I  abo\'e. 

(3)  When  a  straight  break  occurs  and  there  is  no  otlier  defect  in  the  rail, 
angle  bars  may  be  applied  until  permanent  repairs  can  be  made.  Care  should  be 
taken  to  assure  proix'r  bearing  of  the  angle  bars. 

(4)  For  field  repair  of  weld  failures,  refer  to  .AREA  Manual  pages  4-2-6.10 
and  4-2-6.11. 
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5.7.7  Maintenance  of  Joints 

( 1 )  All   joints   should   be  fully   bolted   and   bolts   kept   ti^ht   at   all   tiiiu-s.    Bent 
bolts  should  be  replaced. 

(2)  Particular  care  should  be  exercised  at  all  joints  to  assure  good  surface  to 
protect  rail  ends  from  deterioration. 

5.8  TRANSPOSING  CONTINUOUS  WELDED  RAIL  (CWR) 

Rail  should  be  at  the  preferred  laying  temperature  or  it  must  be  adjusted  at  a 
later  time. 

5.8.1  Saw   cut   both    rails    at   entering   end   of   curve   at    a   location    where    rail 
contours  match. 

5.8.2  Remo\'e  inside  line  spikes  and  rail  anchors  from  both  rails  around  curve. 
(Spike  pullers  recommended.) 

5.8.3  Nip  outside  spikes  where  required. 

5.8.4  Set   low   rail   into   center   of  track.    ( One   off-track   crane   recommended. ) 

5.8.5  Saw-cut  high  rail  at  leaving  end  of  curve  at  location  where  rail  contours 
match. 

5.8.6  Set  high   rail   into   tie  plates   on   low   side.    ( Use  of  off-track   crane   from 
Step  4. 

5.8.7  Field-weld  new  low  side  rail  at  entering  end  of  curve. 

5.8.8  Insert   tie   plugs   on   new   low   rail.    If   tie   conditions    require   it,   the   ties 
should  be  adzed  and  creosoted  at  this  point. 

5.8.9  Respike   new   low  rail.    ( Recommend   use   of  spike   driver. ) 

5.8.10  Saw-cut  low  rail  at  leaving  end  of  curve. 

5.8.11  Set   low  rail   onto   tie   plates   on  high   side.    (Use  off-track  crane   recom- 
mended in  Step  4.) 

5.8.12  Field-weld  new  low  rail  at  leaving  end  of  curve. 

5.8.13  Field- weld  new  high  side  rail  at  entering  end  of  curve. 

5.8.14  Insert   tie   plugs   on   new  high   rail.   If   tie   condtions   require   it,   the   ties 
should  be  adzed  and  creosoted  at  this  point. 

5.8.15  Respike  new  high  rail.    (Recommend  .spike  driver.) 

5.8.16  Apply  rail  anchors  to  confonn  to  the  standard  specified  for  ]a\ing  CWR 
(See  Sec.  5.4).    (Recommend  two  rail  anchor  machines.) 

5.8.17  Field- weld  new  high  side  rail  at  leaving  end  of  cur\e. 

INDEX  OF  CONTINUOUS  WELDED  RAIL 
MANUAL  MATERIAL* 

Page  Title 

1  (Glossary — Continuous  Welded   Rail 

37  Clossary— Welded  Rail 

1-2-7  Balla-st  Section — Tangent 

1-2-8  Ballast  Section— Curves 

4-2-1  Specifications  for  Steel   Rails 

4—2-6.1  Specifications  for  Fabrication  of  Continuous  Welded  Rail 

4-2-6.5  Inspection  and  Classification  of  Secondliand  Rail  for  Welding 
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INDEX  OF  CONTINUOUS  WELDED  RAIL 
MANUAL  MATERIAL"   (Cent.) 

Thennite  Welding — Rail  Joints 

Recommended  Field  Repairs  to  Pressure   Butt  Weld  Failures 

Specifications  for  Track  Construction 

Laying  Continuous  Welded  Rail   (CWR) 

Maintenance  of  Continuous  Welded  Rail 

Rail   Creepage — Number  and  Position  of  Rail   Anchors    ( Continuous 

Welded  Rail) 
14-4-11  Rail  Reclamation  Plants 

20-7^4  Form  of  Agreement  to  Cover  Butt  Welding  of  Rail 

22-2-3  Weight  of  Rail 

Your  Committee  recommends  for  adoption  and  publication  in  Chapter  5,  Part 
5,  of  the  Manual  the  following  material  to  replace  existing  material  on  page  5-5-10. 
This  material,  covers  Assignment  7-e,  Welding  of  Manganese  Steel  Castings  in 
Special  Trackwork. 

Welding  of  Manganese  Steel  Castings  in  Special  Trackwork 

5-5-10.1  Scope 

10.1.1  The  following  procedure  is  applicable  to  the  weld  repair  of  imperfec- 
tions in  new  austenitic  manganese  (11-14^  Mn)  castings,  and  to  the  building  up 
and  repair  of  such  castings  as  may  be  required  after  periods  of  serxice. 

10.1.2  Use  of  proper  technique  in  the  welding  of  manganese  trackwork  castings 
is  most  essential. 

10.1.3  Welding  of  manganese  trackwork  castings  must  not  be  attempted  by 
untrained  personnel. 

10.1.4  Specific  reference  is  made  to  The  Welding  Handbook,  published  by  the 
American  Welding  Society,  Chapter  66,  entitled  "Welding  of  Austenitic  Manganese 
Steel,"  6th  edition,  section  4. 

10.1.5  Welding  repairs  will  not  be  effective  unless  good  sound  timber  is  main- 
tained under  manganese  trackwork.  In  tlie  case  of  rail  bound  manganese  frogs  and 
crossings,  all  bolts  must  be  in  place  and  tight.  Guard  rails  must  be  adjusted  and 
tiu'ht.   Any  irregularities  in  surface  and  alignment  must  be  corrected. 

5-5-10.2  Welding  Methods 

10.2.1  The  electric  arc  is  the  only  welding  method  recommended  for  manganese 
steel  casting  repair. 

5-5-10.3  Electrodes 

10.3.1  Only  austenitic  high  manganese  (nominal  11-14^  Mn)  or  stainless 
steel  (nominal  14^  Cr-145?  Mn)  electrodes  or  semi-automatic  wires  should  be  u.sed. 
Low  phosphorus  grades  of  manganese  are  recommended.  The  high  manganese 
electrodes  are  employed  for  most  uses.  In  special  applications,  the  stainless  14? 
Cr-14'*^   Mn  ma\'  pro\  ide  less  deformation  imder  impact  than  manganese. 

10.3.2  Carbon  and  low  alloy  steel  electrodes  should  ne\er  bo  used  to  weld 
manganese  stet>l. 


•Current    to    March    21,    1973. 
"  To  be  replaced  \x  ith  revised  material. 


Manual  Recommendations  185 


5-5-10.4  Low  Heat  Input 

10.4.1  The  ent'igy  input  per  unit  length  of  weld  should  be  as  low  as  i>ossible. 
Use  stringer  beads;  avoid  weaving.  The  weld  bead  should  not  be  wider  than  /»" 
( 16  mm ) .  A  wide  bead  means  a  slow  travel  speed.  Travel  should  always  be  as  fast 
as  possible  to  keep  heat  build-up  low.  This  is  shown  by  the  formula: 


H  = 


_    E  X  1  X  60 


S 

H  =  Energy  input   in   joules  per  inch    ( mm )    of  weld 

E   =  \'olts 

I     =  Arc  current 

S    1=   Linear   travel   speed   in    inches    ( mm )    per   minute 

10.4.2  Excess  heating  will  cause  the  metal  to  lose  its  toughness.  Welding 
should  be  discontinued  in  an  area  where  base  metal  temperature  exceeds  600' F 
(315°C)  M"  (13  mm)  from  the  weld  one  minute  after  the  bead  is  deposited.  Tem- 
peratures can  be  determined  using  heat  sensiti\e  crayons  such  as  Tempil  Stiks.  It 
should  be  possible  to  hold  tlie  bar  hand  on  the  base  metal  at  all  times,  6"  (152  mm) 
from  the  weld. 

10.4.3  There  is  usually  more  than  one  area  on  a  casting  requiring  repair. 
This  allows  the  \\elder  to  skipweld  from  one  location  to  another  as  the  metal  heats 
up.  ( Remember  that  manganese  steel  has  about  }i  the  heat  conductivity  of  carbon 
steel.) 

10.4.4  Preheating  or  postheating  are  not  recommended  for  manganese  steel 
trackwork.   If  the  temperature  is  below  O'F   ( — 17°C),  remove  the  chill  only. 

10.4.5  In  the  case  of  repair  of  "green"  castings  in  the  foundry,  where  accept- 
able, the  preheat  and  postheat  precautions  are  not  necessary  if  normal  heat  treat- 
ment of  the  castings  takes  place  after  the  welding. 

5-5-10.5  Stresses 

10.5.1  Direction  of  successive  weld  beads  should  be  re\ersed  to  minimize 
build-up  of  stresses. 

10.5.2  Beads  should  not  be  started  or  stopped  at  edge  of  castings. 

10.5.3  Peening  is  not  considered  to  be  absolutely  necessary  by  some  with  most 
electrodes  or  wires,  although  it  helps  to  relieve  stresses.  Howe\er,  peening  of  tiie 
crater  area,  at  the  end  of  a  weld  i)ead,  immediately  after  welding  is  desirable  to 
prevent  cracking,  especially  in  cold  weather. 

5-5-10.6  Preparation  of  Worn  Areas 

10.6.1  Worn   areas  needing  welding  are  detennined  by  use  of  a  straight  edge. 

10.6.2  Before  welding,  all  defective  areas  (fatigued  metal,  sand  pockets,  slag 
inclusions  or  cracks),  along  with  rust,  grease,  or  other  foreign  material,  must  be 
removed  by  air-arc  .scarfing  or  grinding.  Air-arcing  will  impart  less  heat  than  cutting 
electrodes,    and    should    be    used.    Oxyacetylene    scarfing   is    not    reconunended. 

10.6.3  All  work  hardened  material  must  be  removed  from  the  wheel  contact 
surfaces.  This  generally  requires  removal  of  metal  to  a  deptli  of  %"  (3.2  mm)  to 
3/16"  (4.8  mm)  or  more.  A  round  ended  punch  is  a  good  tool  to  help  compare 
the  hardened   and   ground   surfaces   with   the   unhardened   base  metal. 

10.6.4  Sharp  and  rolled  over  edges  along  the  flangeways  should  be  ground 
back  and  rounded  to  proper  AREA  contour  before  welding  is  started. 
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5-5-10.7  Preparation  of  Defective  Areas 

10.7.1  If  defective  metal  removal  endagers  safe  passage  of  trains  at  normal 
or  reduced  speeds,   frogs  or  crossings  must  be  removed  and  repaired  out  of  track. 

10.7.2  After  grinding  and  before  welding,  base  material  must  be  closely  ex- 
amined for  hairline  cracks  using  a  magnifying  glass  or  dye  penetrant.  If  any  are 
found,  they  must  be  V'ed  the  full  length  and  depth  of  the  crack  before  welding. 
Air  arcing  or  grinding  should  start  at  the  crack  end  and  go  towards  the  edge  of  the 
ba.se  metal.  Air  arcing  should  be  done  with  fast,  straight  forward  motions;  moving 
too  slowly  will  tend  to  overheat  base  metal. 

5—5—10,8  Precautions 

10.8.1  The  V'ed  areas  should  be  welded  first,  stopping  after  root  passes  to 
inspect  for  any  new  hairhne  cracks  which  may  dexelop.  If  any  are  observed,  they 
must  be  removed  before  further  welding  may  take  place.  If  root  pass  is  free  of 
new  cracks,  apply  additional  weld  beads  removing  slag  after  each  pass  when  coated 
electrode  or  flux  core  wire  is  used. 

10.8.2  When  welding  out  of  track,  warping  of  the  casting  can  be  minimized 
by  clamping  heel  and  toe  in  a  jig  fixture  with  approximately  %"  (16  mm)  to  1" 
( 25.4  mm )  thick  block  placed  under  the  center  in  order  that  an  upward  bow  be 
attained. 

5-^5-10.9  Finishing 

10.9.1  Weld  beads  should  be  applied  to  a  slight  crown  in  height  so  that  uhen 
finish    grinding   is   completed  no  surface  irregularities   will  be  observed. 

10.9.2  All  surface  irregularities  must  be  removed  by  grinding  to  provide  a 
smooth,  straight  surface.  Flangeways  must  be  ground  to  the  proper  width  and 
radius  using  Hangeway  gauge  as  a  reference.  The  tip  of  tlie  frog  point  shoidd  be 
left  3/16"  (4.8  mm)  low,  tapering  up  and  back  towards  the  heel  of  the  frog  as 
shown  on  the  Standard  AREA  plan. 

10.9.3  Metal  flow  must  be  removed  periodically  from  flangeways  by  grinding 
again  using  proper  gauges. 

Report  on   Assignment   8 

Track  Geometry 

A.  B.  HiLLMAN  (chairman,  subcommittee),  R.  W.  Andersox,  W.  B.  Dwixnt^ll. 
E.  R.  English,  D.  L.  Jerman,  L.  T.  Klauder,  W.  B.  O'SuLLrvAX,  B.  Post. 
H.  E.  Storey,  S.  K.  Tahjkder,  A.  F.  Ubaldi,  W.  J.  Waxam.^ker,  M.  Wa.sox. 

(a)  SPECIAL  REQUIREMENTS  OF  TRACK  CONSTRUCTION  .\ND 

MAINTENANCE  DUE  TO  OPERATION  OF 

MODERN  EQUIPMENT 

SPECIAL  SUBJECT:  INVESTIGATION  OF  MINIMUM  LENGTH  OF  TANGENT 
TRACK  REQUIRED  BETWEEN  REVERSE  CURVES 

Your  Committee  recommends  tliat  the  following  be  adopted  and  pubhshed 
in  the  Manual,  Part  3,  Curves  as  a  new  tide  following  Page  5-3-12: 
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REVERSE  CURVES 

MINIMUM  TANGENT  LENGTHS  REQUIRED  BETWEEN  REVERSE  CURVES 

FOR  YARD  OPERATIONS:  WITH  NO  SPIRAL  AND 

NO  SUPERELEVATION 

1.  There  appears   to  be  no  need  for  tangent  between  reverse  cur\-es  of  6'    or 
less. 

2.  For    reverse    curves    over   6°    but    under    13°,    tangents    should    be   provided 
between  the  curves  at  least  as  long  as  those  indicated  below: 


Degree  of 
Reverse  Curves 


Recommended 
Tangent  Length 


Under  6° 

6°-  7° 

7°-  8° 

8°-  9° 

9°-10° 

10°-11° 

11°-12° 

12°-13° 


0' 
10' 
20' 
25' 
30' 
40' 
50' 
60' 


3.  Some  critical  conditions  might  be  obser\ed  in  any  yard.  For  example  a 
simple  No.  8  turnout  to  a  track  paralleling  the  one  from  which  it  diverges  on  13' 
centers  will  provide  approximately  41  ft  of  tangent  between  the  toe  of  frog  and 
point  of  re\erse  curve,  which  is  probably  not  sufficient  for  critical  consists  between 
nearly  12°  curves.  A  No.  8  turnout  to  parallel  track  on  14'  center  increases  the 
tangent  to  about  49'  which  should  cause  no  problems. 

4.  For  cur\'es  above  13°,  the  maximum  coupler  angle  is  exceeded  regardless 
of  the  length  of  tangent  between  curves.  Curves  above  13°  should,  therefore,  be 
avoided. 

5.  Extreme  long  car-short  car  combinations  slioiild  not  be  operated  oxer  reverse 
curves  of   10°   or  larger. 
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Manual  Recommendations 
Committee   15 — Steel  Structures 

Report  on  Assignment  B 

Revision  of  Manual 

D.  L.  NoRD  (chairman,  subcommittee),  E.  S.  Birkenwald,  J.  G.  Clark,  L.  F.  Cur- 
rier, G.  F.  Fox,  V.  K.  Garg,  D.  V.  Messman,  G.  E.  Morris,  Jr.,  W.  H. 
MuNSE,  W.  W.  Sanders,  Jr.,  F.  D.  Sears,  J.  E.  Stallmeyer,  C.  R.  Wahlen, 
R.  H.  Wengenroth. 

Your  commitee  submits  for  adoption  the  following  revision  to  the  Specifications 
for  Steel  Railway  Bridges,  Chapter  15  of  the  Manual: 
Add  new  Article  1.3.13.1  to  read: 
1.3.13.1  High  Strength  Bolts  Subjected  to  Tensile  Fatigue  Loading 

(a)  High  Strength  bolts  subjected  to  tensile  fatigue  loading  may  be  designed 
for  the  combined  external  load  and  prying  force  using  the  allowable  tensile 
stresses  given  in  Article  1.4.1  within  the  following  limits: 

1.  Connections  subject  to  not  more  than  500,000  cycles  of  direct  tension, 
where  the  prying  force  does  not  exceed  10^  of  the  externally  applied 
load. 

2.  Connections  subject  to  more  tlian  500,000  cycles  of  direct  tension,  where 
the  prying  force  on  the  bolts  does  not  exceed  5%  of  the  extemalh' 
applied  load. 

(b)  If  the  prying  force  exceeds  the  limits  specified  in  Art.  1.3.13.1(a),  tlie 
bolts  shall  be  designed  on  the  basis  of  the  external  load  alone,  using  a  re- 
duced allowable  stress  a  prescribed  below: 

1.  For  connections  subject  to  not  more  than  500,000  cycles,  the  stress 
shall  be  60%  of  the  values  specified  in  Art.  1.4.1,  provided  the  pr>ing 
force  does  not  exceed  20%  of  the  externally  applied  load. 

2.  For  connections  subject  to  more  than  500,000  cycles,  the  allowaWe  stress 
shall  be  50%  of  the  values  given  in  Art.  1.4.1,  pro\  ided  the  pr>ing  force 
does  not  exceed   15%  of  the  externally  applied  load. 

On  Page  15-1-15,  add  a  new  subarticle  (d)   to  Article  1.3.14.3  to  read: 

(d)  Increase  in  allowable  stress  permitted  by  (c)  shall  not  be  applied  to  allow- 
able stresses  in  high  strength  bolts. 

On  Page   15—1-16,   re\ise   Article   1.4.1   by  replacing  the  Tension  on  A325  and 
A490  bolts  item  with  the  following: 

Tension   on    fasteners,    including   the   efTtx:t   of   pr>ing   action: 
A325  bolts,  gross  section  44,000 

A490  bolts,  gross  section  54,000 

On  Page  15-1-18,  re\ise  Article  1.4.1  by  changing  the  allowable  imit  stress  for 
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Shear  in  A490  bolts  from  27,000  to  23,500,  addinji  an  asterisk  after  the  Shear  in 
A325  bolts  and  Shear  in  A490  bolts  items,  and  adding  a  footnote  at  the  bottom  of 
page  to  read: 

°  Applicable  for  surfaces  with  clean  mill  scale  free  of  oil,  paint,  laccjuer  or 
other  coatings  and  loose  oxide  for  standard  size  holes  as  specified  in  Art. 
3.2.5.  Where  the  engineer  has  specified  special  treatment  of  surfaces  or 
otlier  tlian  standard  holes  in  a  friction-type  connection,  the  allowable  stresses 
in  Table  9.1.4  of  Part  9  may  be  used  if  approved  by  the  engineer. 

Add  the  following  to  Article  1.4.1: 

Bolts   Subjected  to   Combined   Tension   and   Shear 
Fv  ^  S;,   (l-f,A„/T.) 
Where : 

Fv   =  Allowable  shear,   reduced   due  to  combined   stress 

Sa    ^  Allowable  shear  stress 

ft     =  Average  tensile  stress  due  to  direct  load 

Ai,  =  Nominal  bolt  area 

Ti,  =  Specified  pretension.  Table  1.4.1 
Add  the  following  Table   1.4.1   at  the  end  of  Article   1.4.1: 

TABLE   1.4.1 

MINIMUM  TENSION  OF  INSTALLED  BOLTS 

Nominal  Bolt  Minimum  Tension  in  Kips 

Size-Inches  A325  Bolts  A490  Bolts 


14 

17 

22 

27 

33 

39 

45 

54 

59 

71 

65 

88 

82 

112 

98 

133 

119 

163 

1 

1  % 

1  34 
1  % 
1  M 

On  Page  15-1-19,  replace  present  Articles  1.5.5  and  1.5.6  with  tlie  following: 

1.5.5  Accessibility  of  Parts 

(a)  Details  shall  be  such  that  all  exposed  parts  will  be  accessible  for  inspec- 
tion, cleaning  and  painting.  Preferably  not  less  than  one  foot  six  inches  clear  shall 
be  provided  between  the  flanges  of  parallel  lines  of  beams  ha\ing  depths  in  excess 
of  38  in. 

1.5.6  Drainage  of  Pockets 

(a)  Pockets  or  depressions  that  would  hold  water  shall  either  have  efFecti\e 
drain  holes,  or  else  shall  be  filled  or  caulked  witli  an  approved  permanent-type 
waterproof  caulking  compound.  Stnictural  members  shall  not  be  caulked  b>-  welding 
except  as  approved  by  the  engineer. 

On  Page  15-1-21,  replace  present  Article  1.5.13  with  tiie  following: 
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1.5.13  Sealing 

( a )  When  two  or  more  plates  or  shapes  are  in  contact,  pro\  ision  shall  be  made 
for  sealing  their  edges  for  protection  against  the  entrance  of  moisture. 

(b)  For  riveted  and  bolted  members,  sealing  shall  be  accomplished  by  limiting 
the  spacing  of  the  fasteners  connecting  component  parts.  The  pitch  on  a  single  line 
adjacent  to  a  free  edge  of  an  outside  plate  or  shape  shall  not  exceed  4-t-4t,  where 
t  is  the  thickness  of  the  thinnest  outside  plate  or  shape,  nor  7  in.  Where  there 
is  a  second  line  of  fasteners  uniformly  staggered  with  those  in  the  line  adjacent  to 
the  free  edge,  at  a  gage,  g,  less  than  l/2-l-4t  therefrom,  the  staggered  pitch  of  the 
fasteners  in  the  two  lines  shall  not  exceed  4+4t-S  g,  nor  7%  g,  but  need  not  be  less 
than  one-half  the  requirement  for  a  single  line. 

(c)  For  welded  members,  longitudinal  sealing  may  be  accomplished  by  the  use 
of  continuous  welds  at  exposed  edges  of  contact  surfaces,  of  such  dimensions  and 
made  by  such  procedure  as  will  ensure  weld  soundness  throughout. 

Add  new  Article  1.5.15  to  read: 

1.5.15  Welded  Closed  Box  Members 

( a )  Absolute   airtightness   of   box   members   is   not   required. 

( b )  Box  members  shall  be  closed  to  the  elements  so  as  to  prexent  direct  access 
of  water  or  moisture  to  the  interior. 

(c)  Crevices  in  areas  where  standing  water  may  be  drawn  into  the  box  member 
as  a  result  of  interior  pressure  changes  shall  be  sealed  with  an  approved  permanent- 
type  waterproof  caulking  compound;  or,  alternatively,  such  crexices  ma\  be  sealed 
by  welding  if  the  details  are  approved  by  the  engineer. 

(d)  Effective  drain  holes  shall  be  provided  to  prevent  accumulation  of  any 
water  inside  the  member. 

(e)  The  interiors  of  box  members  meeting  the  requirements  of  this  article 
need  not  be  painted. 

On  Page  15-2-7,  add  a  new  subarticle   (e)   to  Article  2.3.2.3  to  read: 

(e)  Increase  in  allowable  stress  permitted  in  (c)  shall  not  be  applied  to  allow- 
able stresses  in  high  strength  bolts. 

On  Page  15-2-8,  revise  Article  2.4.1  by  replacing  tlie  Tension  on  A325  and 
A490  bolts  item  with  the  following: 

Tension   on  fasteners,   including  the  effect   of  prying  action: 

A325  bolts,  gross  section  44,000 

A490  bolts,  gross  section  54,000 

On  Page  1.5—2-9,  revise  Article  2.4.1  by  changing  the  allowable  unit  stress 
for  Shear  in  A490  bolts  from  27,000  to  23,500,  adding  an  asterisk  after  the  Shear  in 
A325  bolts  and  Shear  in  A490  bolts  items,  and  adding  a  footnote  at  the  bottom 
of  the  page  to  read: 

"  .\pplicable  for  surfaces  with  clean  mill  scale  free  of  oil,  paint,  lacquer  or 
other  coatings  and  loose  oxide  for  standard  size  holes  as  specified  in  Art.  3.2.5. 
Where  the  engineer  has  specified  special  treatment  of  surfaces  or  other  than  stand- 
ard holes  in  a  friction-t\pe  connection,  the  allowable  stresses  in  Table  9.1.4  of 
Part  9  may  be  used  if  appro\ed  by  the  engineer. 
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Add  the  following  to  Article  2.4.1: 

Bolts   Subjected   to   Combined   Tension   and   Shear 
Fv  ^  S„   (l-f,A„/T„) 
Where  : 

Fv   =   Allowable   shear,   reduced   due  to  combined  stress 

Sa    =  Allowable  shear  stress 

ft     =  Average  tensile  stress  due  to  direct  load 

Ah  =  Nominal  bolt  area 

Th  =  Specified  pretension,  Table   1.4.1  of  Part   1 

On  Page  15-3-6,  replace  the  last  sentence  of  Article  3.2.2  (a)  with  the  follow- 
ing: Other  types  of  fasteners  may  be  used  provided  all  requirements  of  Article 
2(d)  of  the  Specification  of  the  Research  Council  on  Riveted  and  Bolted  Structural 
Joints  are  met  and  provided  further  it  can  be  shown  that  the  tension  of  installed 
fasteners   meet   the   tensile  requirements   of  Table   1.4.1   of  Part   1   after  installation. 

On  Page  15-3-6,  replace  Article  3.2.3  with  the  following: 

3.2.3  Installation  of  High-Strength  Bolts 

(a)  Bolts  shall  be  tightened  in  properly  aligned  holes  so  as  to  obtain,  when  all 
bolts  in  the  joint  are  tight,  at  least  the  minimum  tension  per  bolt  shown  in  Table 
1.4.1  of  Part  1  for  the  grade  and  size  of  bolt  used. 

(b)  Threaded  bolts  shall  be  tightened  by  methods  described  in  Art.  3.2.3(d) 
or  Art.  3.2.3(a).  Tightening  by  either  method  may  be  done  by  turning  the  bolt 
while  the  nut  is  prevented  from  rotating.  Impact  wrenches,  if  used,  shall  be  of 
adequate  capacity  and  sufficiently  supplied  with  air  to  perform  the  required  tighten- 
ing of  each  bolt  in  approximately   10  seconds. 

(c)  High-strength  bolts  shall  have  a  hardened  washer  under  tlie  turned 
element.  In  addition,  a  hardened  washer  shall  l^e  used  under  the  non-turned  element 
of  A490  bolts  if  the  material  against  which  it  bears  has  a  specified  minimum  yield 
point  less  than  40  ksi.  Beveled  hardened  washers  shall  be  used  where  an  outer  face 
of  the  bolted  parts  has  a  slope  of  more  than  1:20  with  respect  to  a  plane  nonnal 
to  the  bolt  axis. 

(d)  Where  tlie  tum-of-nut  method  is  used  to  tighten  tlie  bolts,  enough  bolts 
shall  first  be  tightened  to  a  "snug  tight"  condition  to  bring  the  parts  of  the  joint 
into  good  contact  with  each  other.  "Snug  tight"  is  defined  as  tlie  tightness  attained 
by  a  few  impacts  of  an  impact  wrench  or  the  full  effort  of  a  man  using  an  ordinary 
spud  wTench.  Initial  bolts  tightened  shall  be  checked  to  assure  that  all  bolts  are 
snug  prior  to  final  tightening.  Following  this  initial  operation,  the  bolts  in  the  con- 
nection shall  then  be  tightened  additionally  by  the  applicable  amount  of  nut 
rotation  .specified  in  Table  3.2.3,  with  tightening  progressing  systematicail>  from 
the  most  rigid  part  of  the  joint  to  its  free  edges.  During  this  operation  there  shall 
be  no  rotation  of  the  non-turned  element  of  the  bolt.  Permanent  visual  means  of 
noting  nut  rotation  shall  be  applied. 

(e)  Bolt  tightening  by  use  of  a  direct  tension  indicator  is  permitted  provided 
it  can  be  demonstrated  by  an  accurate  direct  measurement  procedure  that  the  bolt 
tension  refiuired  by  Table  1.4.1  of  Part   1  is  lieing  achieved. 

(f)  A49()  bolts  and  galvanized  A.325  bolts  shall  not  be  reused  after  having 
once  been  fully  torcjued.  These  same  type  bolts  may  be  used  for  both  fitting  up  and 
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final  bolting  if  tightened  to  no  more  than  snug  fit  during  fitting  up.  Other  A325 
bolts  may  be  reused  after  having  been  torqued  only  once  if  approved  by  the 
engineer. 

Add  die  following  Table  3.2.3  at  the  end  of  Article  3.2.3: 

TABLE  3.2.3 

Nut  Rotation  "  from  Snug  Tight  Condition 

Condition  of  Outer  Faces  of  Bolted  Parts 


Bolt  Length 

( as  measured  from 

underside   of   head 

to  extreme  end  of 

point) 


Both   faces   normal 
to  bolt  axis 


One  face  normal  to 
bolt  axis  and  other 
Sloped  not  more 
than  1:20  (bevel 
washer    not    used ) 


Both  faces  sloped 
to  bolt  axis  not 
more  than  1:20 
from  normal  (bevel 
washer    not    used) 


Up  to  and  includ- 
ing 4  diameters 

1/3  turn 

1/2  turn 

2/3  turn 

Over    4    diameters 
but   not    exceeding 
8  diameters 

1/2  turn 

2/3  turn 

5/6  turn 

Over    8    diameters 
but    not   exceeding 
12  diameters  b 

2/3  turn 

5/6  turn 

1  turn 

a.  Nut  rotation  is  relative  to  bolt  regardless  of  the  element  (nut  or  bolt) 
being  turned.  For  bolts  tightened  by  %  turn  or  less,  the  tolerance  is  plu.s  or 
minus  30°;  for  bolts  tightened  by  2/3  turn  or  more,  the  tolerance  is  plus  or 
minus  45°. 

b.  Where  tlie  bolt  length  exceeds  12  diameters,  the  required  rotation  shall  be 
determined  by  actual  tests  in  a  suitable  tension  device  simulating  actual 
conditions. 

On  Page   15-3-11,  replace  Article  3.5.4  with  the  following: 

3.5.4  Inspection — High-Strength  Bolted  Joints 

(a)  The  inspector  shall  observe  tiie  installation  and  tightening  of  bolts  to 
detemiine  that  the  specified  tightening  procedure  is  properly  used,  and  shall  deter- 
mine that  all  bolts  have  beeen  tightened. 

(b)  Wliere  the  direct  tension  indicator  method  is  used,  the  Inspector  shall 
observe  tlie  installation  of  the  bolts  to  detennine  that  the  approved  procedure  is 
properly  used  and  that  the  correct  indication  of  tension  has  been  achieved. 

(c)  Wlien  there  is  disagreement  concerning  the  results  of  tension  in  the 
turn-of-nut  method  of  installation,  die  arbitration  procedure  described  in  die  current 
Specifications  for  Structural  Joints  using  A325  and  A490  Bolts  approved  b\-  the 
Research  Council  on  Riveted  and  Bolted  Structural  Joints  ( RCRBSJ )  shall  be 
used,  unless  a  different  procedure  is  specified  in  die  inquiry  and  order  for  the  work. 
Required  fastener  tension  shall  be  as  specified  in  Table  1.4.1  of  Part  1  (not  as 
specified  in  the  RCRBSJ  specifications). 

On  Pages  15-3-11  and  15-3-12,  replace  Section  3.6  with  tiie  following: 
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3.6  SHIPMENT  AND  PAY  WEIGHT 

3.6.1  Marking,  Packaging  and  Loading 

(a)  Erection  marks  shall  be  painted  on  all  members.  Members  weighing  more 
tlian  10  tons  shall  have  their  weight  marked  thereon.  Marks  on  weathering  steel 
shall  be  placed  in  a  suitable  inconspicuous  place. 

(b)  The  responsibilities  of  the  shipper  shall  include  proper  loading,  position- 
ing, supporting  and  stabilizing  of  structural  members  in  accordance  with  the  Car- 
rier's instructions  and  in  case  the  material  is  damaged  proper  correction  of  the 
damage. 

(c)  Rivets  and  bolts  shall  be  packaged  separately  according  to  lengdi  and 
diameter.   Loose  nuts  and  washers  shall  be  packaged  separately  according  to  size. 

(d)  Pins  and  other  small  parts  and  packages  of  rivets,  bolts,  nuts  and  washers 
shall  be  shipped  in  boxes,  crates,  kegs,  or  barrels,  none  of  which  shall  exceed  300 
lb.  gross  weight.  A  list  and  description  of  material  contained  therein  shall  be  firm]>' 
secured  to  or  marked  on  the  outside  of  each  container. 

(e)  Long  girders  shall  be  so  loaded  that  they  can  be  delivered  to  the  site  in 
position  for  erection  without  turning.  Instructions  for  such  delivery  shall  be  furnished 
to  the  Carrier. 

(f)  Special  precautions  may  be  needed  where  girders  are  supported  at  points 
other  than  permanent  support  points,  and  where  girder  intermediate  stiffeners  are 
not  in  contact  with  flanges. 

3.6.2  Advance  Material 

( a )  Anchor  bolts  and  washers  and  other  anchorage  or  grillage  materials  to  be 
built  into  the  masonry,  shall  be  shipped  in  time  therefor. 

3.6.3  Pay  Weight 

(a)  Pa\inent  in  unit-price  contracts  shall  be  based  on  the  weight  of  metal  in 
the  fabricated  structure.  The  pay  weight  shall  be  determined  in  accordance  with 
the    Code   of    Standard   Practice   of   The    American    Institute   of   Steel   Constniction. 

On  Page  1.5-4-5,  revise  Section  4.20  by  changing  Article  3.3.13  to  Article  3.3.6, 
where  said  Article  3.3.13  appears  in  the  last  line. 

On  page  15-7-10,  revise  Article  7.3.3  (a)  by  adding  a  new  subarticle  7.3.3 
(a)  5.  reading:  "Forces  from  continuous  welded  rail — .see  Section  8.3,"  and  redes- 
ignating present  subarticlcs  7.3.3  (a)  5  and  7.3.3  (a)  6  as  7.3.3  (a)  6  and  7.3.3 
( a )  7,  respecti\ely. 

On  Page  1.5-7-13,  revise  Article  7.3.4.3  by  changing  the  allowable  unit  stress 
for  Shear  in  A490  \olts  from  39,000  to  34,000. 

On  Page  15-9-13  near  the  end  of  Article  9.1.4  and  9.2.4  immediately  preced- 
ing the  paragraph  relating  to  the  allowable  unit  stress  in  bearing  on  expansion 
rollers,    in.sert    two    new    paragraphs    as    follows: 

The  allowable  shears  in  A325  and  A490  bolts  are  based  on  installation  b\  the 
turn  of  the  nut  method,  which  provides  greater  clamping  force  than  the  calibrated 
w  rench  method   ( 39 ) . 

If  the  engineer  elects  to  u.se  stre.s.ses  listed  in  Table  9.1.4  for  special  surface 
treatments,  the  condition  of  the  contact  surfaces  shall  conform  to  the  following 
requirements  as  applicable: 
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1.  Classes  A,  B  and  C  (uncoated):  Contact  surfaces  shall  be  free  of  oil,  paint, 
lacquer,  or  other  coatings  and  loose  oxide. 

2.  Class  D   ( hot-dip  galvanized  and  roughened ) : 

Contact   surfaces   shall  be  lightly   scored  by  wire  brushing  or  blasting  after 
galvanizing  and  prior  to  assembly. 

3.  Classes  E  and  F  ( blast-cleaned,  zinc  rich  paint ) :  Contact  surfaces  shall  be 
coated  with  organic  or  inorganic  rich  paint  as  defined  in  the  Steel  Structures 
Painting  Council  System   SSPC-PS12. 

4.  Classes  C  and  H  (blast-cleaned,  metallized  with  zinc  or  aluminum): 
Contact  surfaces  shall  be  coated  in  accordance  with  AWS  C2.2  Recom- 
mended Practice  for  Metalizing  with  Aluminum  and  Zinc  for  Protection  of 
Iron  and  Steel,  except  that  subsequent  sealing  treatments,  described  in 
Section  IV  therein,  shall  not  be  used. 

5.  Class  I  ( vinyl  wash ) :  Contact  surfaces  shall  be  coated  in  accordance  with 
the  provisions  of  Steel  Structures  Painting  Council  Pretreatnient  Specification 
SSPC  PT3. 

Add  new  Article  9.3.2.5  to  read: 

9.3.2.5  Size  and  Workmanship  of  Holes 

WTiere  shown  on  the  design  drawings,  and  at  the  locations  approved  by  the 
engineer,  oversize  holes,  short  slotted  or  long  slotted  holes  may  be  used  with  high 
strength  bolts  %  inch  in  diameter  or  larger  in  accordance  with  the  following 
requirements: 

1.  Oversize  Jioles  may  have  nominal  diameters  up  to  3/16-in.  larger  than  bolts 
Jg-in.  and  less  in  diameter,  Ji-in.  larger  than  bolts  1-in.  in  diameter,  and 
5/16-in.  larger  than  bolts  IJs-in.  and  greater  in  diameter.  They  may  be  used 
in  any  or  all  plies  of  connections. 

2.  Short  slotted  holes  are  nominally  1/16-in.  wider  than  bolt  diameter  and  have 
a  length  which  does  not  exceed  the  oversize  diameter  provisions  for  o\er- 
size  holes  by  more  than  1/16-in.  They  may  be  used  in  any  or  all  plies  of 
connections  without  regard  to  direction  of  loading.  Hardened  washers  shall 
be  installed  over  short  slotted  holes  in  an  outer  ply. 

3.  Long  slotted  Iwles  are  nominally  1/16-in.  wider  than  the  bolt  diameter  and 
have  a  length  more  than  allowed  for  short  slotted  holes,  but  more  than  2Ji 
times  the  bolt  diameter.  The  slots  may  be  used  without  regard  to  direction 
of  loading.  Long  slotted  holes  may  be  used  in  only  one  of  the  connected 
parts  at  an  individual  faying  surface.  Where  long  slotted  holes  are  used  on 
an  outer  ply,  a  plate  washer  or  continuous  bar  of  at  least  5/16-in.  thickness 
with  standard  holes  shall  be  provided.  This  washer  or  bar  shall  be  of  struc- 
tural grade  material,  but  need  not  be  hardened.  If  hardened  washers  are 
required  to  satisfy  Specification  provisions,  the  hardened  washers  shall  be 
placed  over  the  outer  surface  of  the  plate  washer  or  bar.  These  washers  or 
bars   shall  be  large  enough   to  completely  co\er  the  slot  after  installation. 

On  Page  15-9-22,  add  an  item  to  tlie  Bibliography  to  read: 
(39)   Guide   to    Design   Criteria   for   Bolted   and   Riveted   Joints,    Fisher,   J.    W. 
and  Stniick,  J.  H.  A.,  John  Wiley,  1974,  Pages  82  and  131. 
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Add  the  following  Table  9.1.4  at  the  end  of  Article  9.1.4  and  9.2.4. 
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Report  on  Assignment   1 

Design  of  Unloading  Pits 

W.  D.  Wood  (chairman,  subcommittee),  M.  C.  Christensen,  E.  B.  Dobr.\netski, 
\.  E.  Ekrem,  R.  H.  Moulton,  R.  F.  Noll,  A.  L.  Piepmeier.  C  R.  Sh.\y, 
R.  N.  Wagnon. 

Your  committee  submits  for  adoption  the  following  re\isions  to  Section  8.4 — 
Unloading  Pits,  Chapter  15  of  the  Manual: 

Replace  present  Figures  5,  6,   and  7  with  the  following  Figures  5,  6  and  7. 

Report  on  Assignment  7 

Bibliography  and  Technical  Explanation  of  Various 

Requirements  in  AREA  Specifications  Relating 

to  Iron  and  Steel  Structures 

J.  G.  Clark  (chairman,  subcommittee),  E.  Bond,  H.  B.  Cundiff,  J.  L.  Dvrkee, 
E.  R.  EsTES,  G.  K.  Gellan,  J.  M.  Hayes,  D.  \'.  Mess.max,  W.  W.  Santjers, 
Jr.,  R.  H.  Wengenroth. 

Your  committee  submits  for  adoption  the  following  revisions  to  Part  9 — Com- 
mentary and  Bibhography,  Chapter  15  of  the  Manual: 

On  Pages  15-9-2,  add  two  new  paragraphs  to  Article  9.1.2.1  and  9.2.2.1  to 
read: 

Refer  to  Tables  1.2.1  and  2.2.2.  "Service  Temperature"  shall  be  taken  to  be 
the  lowest  ambient  temperature  expected  for  the  area  in  which  a  structure  is  to  be 
located  or  to  which  a  structure  is  to  be  exposed  while  in  service.  Where  Supple- 
mentary Requirement  S4  is  specified,  the  suffix  "T"  followed  by  the  numerals  1,  2, 
or  3,  depending  on  the  testing  zone  used,  shall  be  added  to  the  grade  designation 
when  marking  the  ^teel.  The  testing  zones  correspond  with  those  chosen  by  .\.\SHTO 
and  imply  the  service  temperatures  hsted  in  the  tables.  Zone  1  implies  a  minimum 
ser\ice  temperature  of  OF;  Zone  2  implies  a  minimum  ser\ice  temperature  of  — 30F; 
Zone  3  implies  a  minimum  service  temperatvu-e  of  — 60F. 

Refer  to  Table  2.2.2.  The  Specification  is  silent  on  energy  requirements,  for 
material  thicker  than  four  inches,  even  though  some  of  the  materials  hsted  are  avail- 
able in  greater  thicknesses.  Art.  2.2.1  apphes  to  welded,  main  load  carr>ing  com- 
ponents subject  to  tensile  stress.  Such  an  application  will  be  rare  for  thicknesses 
exceeding  four  inches.  Nevertheless,  if  an  engineer  wishes  to  use  a  greater  thickness, 
he  should  observe  that  notch  toughness  requirement  for  that  material  not  listed  in 
Table  2.2.2  may  be  negotiated  with  the  manufacturer. 
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i^orrig  "¥.  Cngman 
1911=1978 

Norris  V.  Engman,  recently  retired  as  Assistant  to  the  E.\ccuti\e  Director 
AREA  and  Engineering  Division,  AAR,  died  on  November  24,  1978,  following  a 
heart  attack  in  Chicago,  Illinois.  He  was  67  years  old  at  the  time.  Survivors  include 
a  son,  Norris,  and  two  grandchildren. 


N.  V.  ENGMAN 


/        / 


Mr.  Engman  was  bom  in  Aberdeen,  South  Dakota  on  July  1,  1911.  He  received 
a  B.S.  degree  in  Civil  Engineering  from  Rose  Polytechnic  Institute  in  Terre  Haute, 
Indiana  in  1933.  His  first  full-time  job  was  with  the  Milwaukee  Road  from  1934 
to  1948.  From  1948  to  1952  he  worked  at  Railway  Age  as  Associate  Editor  of 
Railway  Track  and  Structures.  He  joined  American  Railway  Engineering  Associa- 
tion in  1952  and  worked  as  the  Assistant  to  the  Executive  Secretary  (Director) 
until  his  retirement  on  June  30,  1978. 

Norris  acquired  numerous  friends  in  the  AREA  in  the  many  years  he  worked 
here.  When  in  Chicago,  many  would  come  to  visit  and  exchange  socially.  In  the 
short  time  I  worked  with  him,  I  was  amazed  at  his  ability  to  remember  facts  about 
AREA  members.  Certainly  all  of  us  who  liked  him  are  saddened  to  hear  of  his 
passing. 

Boh  GaTtATo 
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Meet  the  original  gang  leader. 


Agile.  Powerful.  Fast.  Dependable! 
The  Evans-RTW  Tie  Handler  has 
helped  tie  gangs  reach  new  levels  of 
speed  and  productivity  for  over  20 
years.  Today,  it's  the  undisputed 
leader  in  the  industry — with  a  track 
record  to  prove  it. 

The  Evans-RTW  Tie  Handler  gives 
you  a  choice  of  articulating  or  stiff- 
type  boom  designs  and  a  deck  that 
rotates  a  full  360  .  The  800  pound 
lifting  capacity  and  24  feet  of  reach 
means  heavy,  distant  loads  are  no 


problem.  It  travels  at  20  m.p.h.  and 
comes  to  a  quick,  sure  stop — thanks 
to  fail-safe  brakes  on  all  four  wheels. 
What's  more,  there's  an  RTW  tie 
head  for  all  jobs,  including  single, 
dual,  or  grapple  designs. 

If  you're  after  productivity,  take  a 
close  look  at  the  Evans-RTW  Tie 
Handler  Write  Edward  Stuhl  for  de- 
tailed specification  sheets  that  tell  the 
whole  story,  c/o  Railway  Track-Work 
Company,  2381  Philmont  Ave., 
Bethayres,  PA  19006. 


^?)  RTW 

eVRnSlRRILUJRY  TRRCH-UJORH  COmPRHY 
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lubricators 
are  the  same ! 

Why  the  M&S  Rail  Lubricator  is  the  BEST: 


Moore  &  Steele  Corporation 

Owego,  Tioga  County,  NY.  13827 

USA    (607)  687-2751 

MOORE  ^STEELE 


1.  THE  SYSTEM  -  From  the  Activator  to 

the  Applicator,  all  the  components  used  are 

the  results  of  over  40  years  of  testing 

and  refmements 

2.  INSTALLATION  -  Two  men  can  install 
a  Single  Plunger  Unit  in  less  than  3  hours. 

3.  MAINTENANCE  -  Inexpensive  mainte- 
nance parts  are  easily  removed  for  cleaning 

or  replacement 

4.  TOUGHNESS  -  All  components  are 

designed  to  give  that  something  extra  to 

stand  the  grueling  year 

in.  year  out  service 

demanded  by  today's  modern  railroads 

5.  SELECTION  -  Single  and  Double  Rail  Units  are 

available  in  either  two-port  or  four-port  design 

at  very  competitive  prices 

Send  for  our  completely  illustrated  brochure 

before  you  buy  any  other  rail  lubricator 

ALSO  manufacturers  of  the  M&S  SWITCH  POINT 

PROTECTOR  which  extends  switch  point  life  at 

a  very  nominal  cost. 


SECURITY  Railoc  Locknuts 

assure  "Fail-Safe"  Railroad  performance! 


Square  Pattern 

Size  Range: 

%'-10  thru  1%  "-6 


Heavy  Hex  Pattern 

Size  Range: 

%"-16  thru  4'-4 


Our  unique  Spring  Steel  locking  insert  grips  and 
locks  the  bolt  TIGHTLY— where  other  devices  FAIL! 


SECURITY  Locknuts  are  made 
specifically  for  use  on  track,  switch- 
es, bridges,  frogs,  scales,  relarders, 
diamonds,  and  other  railroad  ap- 
plications. Plated  finishes  and  spe- 
cial alloys  are  available  for  use  at 
locations  subject  to  unusual  corro- 
sive conditions. 

SECURITY  Locknuts  are  manu- 
factured in  compliance  with  Asso- 
ciation of  American  Railroad  Spe- 
cification M-922-68,  as  well  as 
IFI-100  Fastener  Standards. 

Stocked  IN  DEPTH 
for  immediate  delivery 


•  Absolutely  Vibration-Proof 

•  Heat-Resistant  to  750  F 

•  Unlimited  Reusability 

•  Lowest  Maintenance  Cost 

•  Resist  Corrosion.  Severe  Cold 

•  Rugged  All  Meta!  Construction 


SECURin 

LOCKNUT  INC. 


9134  Belden  Ave. 
Franklin  Park,  III.  60131 
Phone:  (312)  455-0551 
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DEPENDABLE,  PROVEN    PRODUCTS 
FROM  RAILS  COMPANY 

SWITCH  HEATERS    '^' 

to  protect  switch  points  from  freezing 

HAB  SWITCH  HEATERS 

Proven  in  use  at  sub-zero  temperatures. 
High  pressure  blower  distributes  hot  air 
steadily,  evenly  through  a  duct  and  nozzle. 
Manual  or  automatic.  Oil  fired,  natural  gas 
or  propane.  Easily  installed  and  serviced. 

RAILTEL  SWITCH  HEATERS 

Advanced  design  assures  correct 
combustion  under  all  conditions.  Improved 
unit  burner  increases  efficiency.  Dispatcher 
controlled  or  automatic  operation  w/ith 
Rails  Company  Snow  Detector.  Long- 
lasting,  easy  to  install.  Proven  in  thousands 
0*  installations. 

TYPE  LP  SWITCH  HEATERS 

improved  air  inspiration  design  assures  the 
best  combustion  regardless  of  weather  or 
humidity.  Uses  low  pressure  natural  gas. 
Provides  uniform  heat. ..dependable,  long 
life  operation. ..easy  installation. ..minimum 
maintenance... automatic  ignition. 

TUBULAR  ELECTRIC  SWITCH  HEATERS 

All  voltages  and  wattages  available.  Supplied  with  adjustable  hardware. 
Control  panels  with  ground  fault  detection  for  all  requirements. 


-C-. 
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RAIL  FASTENINGS 
for  high  speed  transit 

FLEXICLIP 

RAIL  FASTENERS 

lor  concrete  lies 

Resists  rail 

movement  with 

positive  holding 

power  m  all 

direcltons   Fast 

installation  with  regular  equipment 

For  jointed  or  welded  rail.  Insulated 

fastenings  available 

COMPRESSION 

RAIL  ANCHORS  .— 

(or  wood  ties  '^^ 

Anchors  m  both 

directions,  providing      ^jiT'^^"       *" 


naxii 


proteclion  with 
lower  installed  cost 
Fits  all  rail  seclions- 
welded,  turnouts, 
bridges,  crossings 


RAIL  ROD 

the  one-man  track  cart  that 

can  be  carried  by  one  man 


Totally  insulated,  will  nol  activate 
switches  Safety  clutch  and  brake 
system.  2-wheei  drive  Rugged 
construction   Folds  up  for  shipping 
and  storage   Proven  on  major  class 
one  railroads 


SNOW  DETECTOR 
starts  heaters  or  removal 
equipment 

Provides  local 
control  at  remote 
or  near  points. 
Automatically 
turns  on  ramp 
heaters,  grids,  etc 
lo  keep  drives, 
building  entrances, 
sidewalks  clear  of  ice  or  snow. 
Activates  highway  warning  signs. 
Compact,  easily  installed, 
maintenance-free  Foolproof,  operates 
only  in  snow,  freezing  ram,  hail  or  ice 
not  during  normal  rainfall   Complete 
with  sensing  head,  control  box 
mount,  temperature  control 


R 


other  RAILS  COMPANY  products  to  protect  and  maintain  your  track  include 
Track  Lubrication  Systems.  Automatic  Switch  Point  Locks.  Wheel  Stops 


Maplewood.  N  J   07040 
Chicago.  III.  60604  •  Oakland.  Calif  94607 
CO.     In  Canada   lECHolden.  Ltd 
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LORAM'S  ALL  AMERICAN 

TRACK  TEAM 


Modern 
Maintenance 
of  Way 
Equipment 

...designed 
to  do  the  job 
better,  easier 
and  at  less  cost 

—  with  your 
men 
or  ours  — 

in  record  time! 


AUTOTRACK  WITH  PLOW  AND  SLED 


THE  WINNING  TEAM  FOR  TRACK  REHABILITATION  PROGRAMS 
LORAM  RAILWAY  MAINTENANCE  EQUIPMENT  FOR: 

•  Shoulder  Ballast  Cleaning  •  Raising  Track  •  Resurfacing  • 
Reballasting  •  Replacing  Ties  •  Undercutting  •  Ballast  Cleaning 

•  Crib  Skeletonizing  •  Rail  Grinding  Single  or  Multiple  track  • 
Mainline  or  Yard  tracks 

CONTRACT,  SALE  or  LEASE 


FOR  FULL  DETAILS 
OR  SHOWING  OF 
OPERATING  FILMS, 
WRITE  OR  CALL  TODAY 


LORAM  1  MAINTENANCE  OF  WAY,  INC. 


3900  Arrowhead  Drive  •  Hamel.  MN  55340  U  S  A 
PHONE   (612)  478-6014  •  TELEX  29-0391:  Cable.  LORAM 
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Up  and  down  the  line  with 
Woodings  Rail  Anchors. 

Woodings  spring-action  design  grips  the  rail  on 
both  the  field  and  gauge  side  with  a  vise-like 
force  -  holding  the  anchor  flush  and  tight  against 
the  tie. 

This  exclusive  design  also  gives  it  a  "+"  over 
other  anchors  -  "Reserve  Holding  Power". 
Power  that  can  bring  rail  movement  on  curves, 
grades  or  straight  aways  to  a  dead  stop  even 
under  extreme  weather  conditions. 

Get  the  best  anchor  for  your  welded  and  relay 
rail  programs.  Woodings.  The  rail  anchor  with 
"Holding  Power  -f". 


W( 


f  !•    i 


VERONA 

MM 


IGS- 


TRANSPORTATION 
PRODUCTS 


ASt/BSrOMAi^O' 


Vcfona  Pennsv'w 
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One  complete  service. 
Lowest  cost  per  mile. 


*  A  complete,  objective  test 
of  each  rail  from  end  to  end. 

^  Simultaneous  ultrasonic  and 
induction  detection  methods. 

*Sperry  far  surpasses  every  other 
rail  testing  service  in  efficiency, 
thoroughness  and  research. 

*One  mileage  charge  pays 
for  everything. 

*The  lowest  real  cost  per  mile 
and  per  defect  found. 

Details  and  technical  assistance  on  request. 


>l 


AUTOMATION  INDUSTRIES,  INC. 
SPERRY  RAIL  SERVICE  DIVISION 

SHELTER  ROCK  ROAD 
DANBURY,  CONNECTICUT  06810 
(203)748-3581 
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TIE-SAVR 

EFFECTIVE  SOLUTION  TO 
AN  AGE-OLD  PROBLEM 

Easy  reclamation  process  adds  five  to  eight  years 
to  spiice-lcilled  ties. 

Our  new  spike  hole  tiller  is  proving  lo  be  a  real  winneri  Now  readily  available  ils 
rapidly  replacing  wooden  dowels  as  the  standard  method  o(  repairing  spike-killed 
trackage 

A  dry,  granular  compound,  Tie-Savr  results  Irom  a  formula  thai  includes  a  wood 
preservative  a  petroleum  byproduct,  and  various  other  chemicals  Two  to  three 
ounces  till  the  average  oversize  spike-killed  hole 

Heat  generated  by  respikmg  causes  the  Tie-Savr  lo  plasticize  ana  firmly  interlock 
with  the  wood  libers  inside  the  spike  hole' Adherence  to  Ihe  spike  metal  nsell  is 
assured  by  chemical  reaction  as  Ihe  cooling  process  lakes  place  Therefore,  80 
percent  ol  the  original  spike-to-lie  bond  is  achieved  and  sustained  from  five  to 
eight  years  (One  railroad  customer  expects  eight  lo  ten  years  per  he,) 

Tie-Savr  virtually  insures  imponant  maintenance  ol  way  savings  in  replacement 
lies,  lie  gang  labor  costs,  and  lost  operational  lime 

Want  to  know  more'  Call  or  wnle  RACINE  RAILROAD  PRODUCTS.  iNC  . 
1524  Frederick  Street.  PO  Box  4003.  Hacine.  Wl   53404.  Phone;  414-637-9681 


TIE-SAV(^ 


NOW   HAND    DISPENSER    OFFERS   FAST. 
I  ECONOMICAL  PRE-MEASURED  APPLICATION 

S'ufdy  convenient  *^3nn  dispenser  allows  easv  piacerr^eni  i- 
.iccurate  adjustable  '.  to  i  ■.  ounces  oi  Tie  Savi  Gentle  pair^ 
pressure  on  sprmg  loaded  plunger  m  32  high  handle  aclivatfs 
buiil  in  sell-cleantng  metering  vaivp  Holds  6 't>s  ar>d  rpouires '^'^^ 
maintenance 
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RAILWAY      MOTOR      CARS 
AND     WORK      EQUIPMENT 
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INSPECTION  MOTOR  CARS 
SECTION  MOTOR  CARS 
GANG  MOTOR  CARS 
PUSH  CARS  AND  TRAILERS 
HY-RAIL  EQUIPMENT 
BALLAST  MAINTENANCE  CARS 
WEED  MOWERS 
TOW  TRACTORS 
RAIL  GRINDERS 
DERRICK  CARS 
HYDRAULIC  POWER  TOOLS 
TRACK  LINERS 


TRACK  LINING  LIGHT 

SPIKE  DRIVERS 

TIE  REMOVERS 

TIE  HANDLERS 

RAIL  LIFTERS 

TIE  SHEARS 

TIE  BED  SCARIFIERS 

SPIKE  PULLERS 

TIE  PLUG  INSERTERS 

TIE  SPRAYERS 

TIE  INSERTERS 


THESE   UNITS  ARE  ACTUATED   EITHER  COMPLETELY 
OR  PARTIALLY   BY  HYDRAULIC   POWER 


FAIRMONT  RAILWAY  MOTORS,  INC.,  FAIRMONT,  MINNESOTA  56031 
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What's  the  most  sensible  thing 
to  say  when  your  customer 
says,  "Siding!"? 

Foster. 

Since  you  run  a  railroad  and  we  supply  rail,  you 
shouldn't  worry  when  one  of  your  customers  needs 
siding  repair,  replacement  or  expansion. 

Point  your  customer  to  the  only  one-stop  source 
for  rail  and  track  material:  us. 

We  offer  prompt  delivery  from  the  most  com- 
plete rail  warehousing  facilities  in  the  country. 

We  stock  all  standard  sections  of  tee  and 
crane  rail  —  new  and  relay  —  from  12  to  175 
lbs.  We  also  supply  FasTrak,  the  preassem- 
bled,  steel-tied  panel  that  saves  time  and 
money.  Plus  all  the  accessories  your  cus- 
tomer will  need. 

So  the  next  time  your  customer  says, 
"Siding!  "  say,  "Foster."  Because  that's 
what  makes  sense.  For  your  customer. 
And  you.  And  us. 

L.B.  Foster  Company, 
Foster  Building,  415  Holiday 
Drive,  Pittsburgh  PA 
15220. 


""****?'"' 


FOSTER 


L.B.  FOSTER 
COMPANY 
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Service  Proven  Benefits 

OF  TRAFFIC  MASTER -II   COMPUTER-BASED,  COLOR  VIDEO  cTc 

CONVENIENCE  —  Controls  are  input  via  a  compact 
keyboard  and  instantaneously  processed  for  transmission. 
Indications  are  automatically  returned  and  displayed  on 
vivid  color  video  display  units.  Up-to-the  minute 
operations  reports  -  OS,  signal,  train,  and  block  (others 
optionally  available)  -  are  provided  via  video  display  and 
line  printer,  on  schedule  and  upon  request. 

ECONOMY  —  Multiple  control  centers  are  consolidated, 
and  the  entire  territory  is  controlled  from  one  location. 
Track  changes  require  software  revisions  only  -  control 
office  hardware  modifications  are  not  normally  required. 

VERSATILITY  -Traffic  Master  II  can  be  tailored  to  meet 
the  requirements  of  any  rail,  rapid  transit,  or  open  pit 
mine  railway  system.  It  interfaces  to  any  coding  system  - 
from  relay,  to  solid  state,  to  computer  controlled. 


(B 

■R 

s 

GENERAL  RAIL\A/AY  SIGNAL 

A    UNIT   OF    GENERAL    SIGNAI. 
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PETTIBONE 


A  complete  line  of  frogs,  switches 
and  trackwork  specialties. 


Equipment  for  track  maintenance  and  materials  handling. 


Multikranes 
■**     7' 2  to  35  tons 
Truck-Kranes  1 5  to  80  tons 


A  complete  line  of  Pettibone 
Mercury  lift  trucks  and  tow 
tractors. 

Hydro  Mower  brush  cutters. 


Speed   Swing 

models   441 -B   &   442  B 


PETTIBONE  CORPORATION 

233  S.  Wacker  Dr.    Siulc  5700 
Chicago,  III.  60606 
312/076-0618 

PETTIBONE    OHIO   CORP. 

6917  Bessemer  Ave. 
Cleveland.  Ohio  44127 
216/641-4000 
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A  COMPLEX 
CROSSING 


This  119  lb.  R.E.  rail 
complex  crossing, a  crossing 
within  a  crossing,  is  an  example  of  the 
highly  technical  engineering  and 
craftsmanship  developed  by  Nelson  Iron 
Works  to  meet  industrial  railroad  track 
requirements. 

We  specialize  in  the  manufacturing  of 
railroad  track  material,  such  as  frogs,  switches 
and  crossings. 

Complete Trackwork  Catalog  available  on 
request  —  no  obligation. 


/NELSON, 


JJtOU  WOXKS,  IBTC. 


Mailing  address:  P.O.  Box  80816,  Seattle,  Wa.  98108 
3423  Thirteenth  Ave.  S.W.,  Seattle,  Wa.  98134 
Telephone:  (206)  623-3800 
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We've  been  working  on 
Line  Clearances 


so  you  can  work  a  little  easier 


Let's  face  it  . . .  routing  of  oversized  and  overweight  shipments  is  a  compli- 
cated business.  To  help  you  uncomplicate  it,  here's  the  all  new  Railway 
Line  Clearances,  it's  a  modernized  version  of  the  classic  Railway  Line 
Clearances,  redesigned  to  help  you  do  your  job  better,  faster.  The  new 
Clearances  has  more  of  what  you  need:  Alphabetical  arrangement; 
standardized  format  for  each  railroad;  modern  typefaces.  The  annual 
Railway  Line  Clearances  published  in  July  (with  interim  change  circulars) 
is  your  most  accurate,  up-to-date  source  for  researching  and  routing 
oversized  shipments.  So  order  your  copy  now!  Subscription  $10.00 
($8.00  to  registrant  companies) .  New  York  residents  add  sales  tax. 


Order  your  copy  today.  Send  to: 
RAILWAY  LINE  CLEARANCES 

424  WEST  33rd  ST.  •  NEW  YORK.  NY  10001  •  (212)  563-7399 

Make  checks  payable  to  Railway  Line  Clearances 
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Try  this  with 

the  tie  plates  you're 

using  now. 


Chances  are  you  can  I  because 
conventional  tie  plates  weigh 
about  20  pounds  each.  But  the 
ones  above  average  only  one 
pound  each'  They  re  the  highly 
durable,  polyethylene  tie  plates 
from  Koppers- 

Weigh  Less,  Cost  Less.  That  s 
tight.  They're  1  /20lh  the  weight 
of  the  tie  plates  you're  probably 
using  now.  For  you.  this  means 
greatly  reduced  freight  costs  .  .  . 
and  much  easier  handling  for 
your  trackmen.  What  about  price'' 
For  more  direct  savings.  Koppers 
polyethylene  tie  plates  cost  less 
than  today  s  conventional  tie 
plates. 


Two  types  of  Lightweight 
Heavyweights.  Koppers  now  has 
readily  available  the  single- 
shouldered  or  double-shouldered 
tie  plate  for  sidings  and  industrial 
track.  With  some  limitations,  the 
double-shouldered  tie  plate  can 
also  be  used  lor  branch  lines  and 
main  lines. 

Tested  and  Proven.  Extensive 
tests  were  conducted  at  Koppers 
Research  Center  using  a  Tie 
Wear  Machine  designed  and 
developed  by  the  Association  of 
American  Railroads.  After  many 
years  of  simulated  wear  by  the 
machine,  there  was  no  damage  to 
the  lie  plates  or  to  the  load 


bearing  area  of  the  tie  under  the 
plates  And  after  over  6  years  of 
successful  field  testing  on 
some  of  the  nation's  leading 
railroads,  these  high  density 
polyethylene  tie  plates  have 
more  than  proven  their  durability, 
corrosion  and  weather-resistance. 

Readily  Available.  Because 
our  tie  plates  are  available,  you 
won  t  have  to  plan  far  in  advance 
when  ordering  To  find  out  how 
little  time  it  would  take,  ask  for 
our  complete  Tie  Plate  Informa- 
tion Kit  by  writing  to  Koppers 
Company,  Inc.,  Forest  Products 
Division.  1900  Koppers  Building. 
Pitlshurnh    PA  ISplQ 

KOPPERS 
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L  R  S 
Continuous  Welded  Rail 

We  will  furnish  everything  for  Cropping  and  Welding 
All  we  need  is  a  level  site  and  a  pile  of  rail 


LEWIS  RAIL  SERVICE  COMPANY 

1949  Green   Road  Cleveland,  Ohio  44121 

(216)    486-7583 


KERITE 
CABIE 


M  I  M  B  t  R 


Kerite  has  stood  the  test  of  time,  not  only  in  the 
laboratory  but  where  it  counts. ..in  use.  Kerite. 
the  cable  that  lasts. ..and  lasts. ..and  lasts... 

THE  KERITE  COMPANY 


PRINCIPAL  OFFICES:  Atlanta;  Boston;  Chi- 
cago; Houston;  Los  Angeles;  San  Fran- 
cisco; and  Seymour,  Connecticut  •  Sales 
Representation  throughout  the  United 
States.  A  subsidiary  of  Harvey  Hubbell 
Incorporated. 


it'%  the  KERITE  insulation  that  makes  the  difference 
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The  Allegheny  Insulated  Rail  Joint- 

Designed  to  withstand  the  heaviest  trafiRc 
in  welded  rail 


This  modern  joint  cements  rail  ends  in  position  and  thereafter 
resists  ail  forces  imposed  by  temperature  and  simultaneous  forces 
of  live  loads  to  move  them. 

This  joint  makes  welded  rail  truly  continuous.  It  promises  you  years 
of  service  without  maintenance  costs.  It  reduces  rail  and  wheel  batter 
to  a  previously  unknown  minimum.  It  employs  the  safety  of  steel  splice 
bars.  It  can  be  assembled  in  the  shop  or  field.  It  has  been  tested  in 
service  and  AAR  laboratories.  It  saves  you  lots  of  money. 

Allegheny  Drop  Forge  Company 

Subsidiary  of  Tasa  Corporation 
2707  Preble  Avenue  •  Pittsburgh,  Pa.   15233 
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FINALLY JHE  ALL-PURPOSE  CROSSING 
SYSTEM...FROM  TRUE  TEMPER. 


END  CAPS    lock  and  secure  field 
and  gauge  side  modules  al  tx)tri  ends 
o(  crossing  installalion 


GAUGE  SIDE  MODULES    lully 
supported  10  provide  a  smooth  fide 
lor  vehicular  traMic 


FIELD  SIDE  MODULES  provide 
evel  approacT'  ic  apron  and  road 
surface 


CONTOUR  MOLDED      to  lit  ra  i 
profile  and  provide  maj<imum  seal 
and  minimum  contamination  on  field 
and  gauge  sides 


SECURE  fieavv  duly  bolls  provide 
solid  installatic-  and  eliminate  shift 
creep  and  li". 


ENGINEERING  FABRIC  \     .    , 

acis  as  barrier  to  sand  and  fine  soil     \  I ', 
particles  to  keep  rock  ballast  clean 
and  promote  even  and  continuous 
drainage  Ifie  lengtn  of  the  crossing 


ENGINEERING  FABRIC 

aids  soil  stabilization  and  equal 
distribution  of  crossing  traffic  loads 


After  more  than  five  years  of  research,  development  and 
experience  in  the  field,  we  have  designed  and  engineered 
a  modular  grade  crossing  system  ideally  suited  tor  all 
crossing  situations  .  . .  rural,  urban  and  industrial. 

The  True  Temper  modular  grade  crossing  system  is  con- 
structed ol  an  extremely  uniform,  high-density  polyethelene 
stnjclural  foam,  that  is  pressure  molded  to  exacting  dimensions 
and  rigid  quality  standards  It  features  integrally  molded  flange- 
ways  on  the  gauge  side  rrxxlules  with  a  compensating  recess 
on  field  side  modules  for  worn  wheels  In  addition,  it  does  not 
require  modrficalion  at  the  site,  and  is  suitable  for  use  on  tan- 
gent t'ack  as  well  as  curves  for  all  rail  sizes 

The  True  Temper  system  is  strong  easy  to  install  requires 
minimum  maintenance  stands  up  to  all  kinds  ol  weather, 
wear  and  heavy  crossing  traffic  volume  and  is  easily  adapt- 
able to  your  particular  installation  requirements 


I  RUE  lEMPER^ 

/K  WILKINSON  MATCH  GROUP  COMPANY 


For  detailed  information  and  technical  data  about  True 
Temper  s  modular  grade  crossing  systems  fill  out  the  coupon, 
or  call  us        (216)696-3366 


MAIL  TODAY! 

I  want  to  find  out  more  about  crossing  systems 

Mail  information  and  literature 

Have  a  representative  call 
True  Temper  Corp.,  Railway  Appliance  Division 
1623  Euclid  Avenue,  Cleveland.  Ohio  441 15 

Name 

Tillo 

Company 

Address 

City 

Stale Zv 


Telephone . 


Representee   n  Canada  by  Vale  Enterprises.  Ltd..  3/5  Bord  du  Lac,  Dorval,  Quebec.  H9S  2A5.  tel    (514)  636-1026 
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SEALTITE    HOOK    BOLT 

Fastens  timbers  and  ties  to  steel  beams.  Eosy 
to  install,  long-life.  Fins  prevent  turning. 
Spring    lock   holds   tension. 


SEALTITE    SPRING    LOCK 

Maintains    tension    as    timber 
changes   by   weother  or   weor. 


SEALTITE    DOME    HEAD   DRIVE   SPIKE 

Fastens  timbers  and  plank  decking  on  grade  crossings, 
bridges  and  docks.  Wide,  smooth  head  seals  opening, 
wears   well. 


^^       LEWIS    WASHER    HEAD   TIMBER    DRIVE    SPIKE 

Fastens  highway  crossing  planks,  bridge  guard  rails  and 
general  timber  construction.  One-piece  head.  Easy  to 
install   and   remove. 


e 


^   I_iE]"WIS  BOLT  &  NUT  COMPANY 


504   MALCOLM   AVE.   S.E.,   MINNEAPOLIS,  MINN.   55414 


^0^^  Quality  and  Progress 

tK  ^k  jor  54  years 

I     0-f€lD(  ^^  Chemicals  and 

\^^_^^^  Application  for  .  .  . 

1924-1978 

RAILROAD  VEGETATION  CONTROL 

THE  R.  H.  BOGLE  COMPANY 

p.  O.  BOX  588 
ALEXANDRIA,   VA.   22313 

Memphis,  Tenn.  Alva,  Okla. 

Jacksonville,  Fla. 
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way 


1^1  the  m^ 

Thermit 

...A  MODERN,  SELF-PREHEAT  METHOD  OFFERING: 

D     AUTOMATIC,  ERROR-FREE  PRE-HEATING  AND  TAPPING 

OF  WELD   METALS 
D     EASY,  COLD  REMOVAL  OF  RISERS 
D     NO  EQUIPMENT  TO  PURCHASE  OR  LEASE 

Call  or  Write  For  FREE  Details... Plus,  Job-Site  Demonstration 


US.  THERMIT  INC 


Lakehurst,  New  Jersey  08733  •  (201)657-5781  Teiex:  TEGOWHP  710-568-1352 
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peep  Injection 

okon,  STABILIZATION 
OF  HIGH  FILLS 


Deep  seated  subgrade  problems 
can  be  treated  with  Woodbine's 
new  deep  injection  system.  Lime 
Slurry  or  other  pozzolanic  grouts 
can  be  injected  to  depths  of 
40' or  more.  Injections  are 
continuous 
without  requir- 
ing connec- 
tions,  therefore 
in-place  deep 
stabi  lizati  on 
can  be  done  on 


WOODBINE 


a  cost  effec- 
tive basis. 

At  Woodbine  we  have  the  depth 
to  call  on  when  special  problems 
demand    a    different   approach. 
Give   us    a    call  and    utilize  our 
considerable 
experience  —  a 
combined  total 
of   more  than 
100   years    in 
lime   stabiliza- 
tion. 


2510  DECATUR  AVE. 
FORT  WORTH, 
TEXAS  76106 
m  PHONE  (817)  624-1189 


inihat  II  Great  Way  to  Hold 
miallroaillbgetlicr 

□  standard  and  insulated  track  joints 

□  Motive  power  and  rolling  stock 

□  Bridges  and  other  RR  structures 

Send  for  our  newest  FREE  CATALOG 
on  how  to  hold  it  all  together: 

HUCK  MANUFACTURING  COMPANY 

8001  Imperial  Drive  D  Waco,  Texas  7671 0 


HUCK 
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Roadmaster 
Special 


Plasser  leads  the  way 

in  track  maintenance  technology 


A  tamper  for  every  job  — 
engineered  for  a  specific  purpbse 

The  ROADMASTER  SPECIAL  is  Plasser  s  answer  to 
your  production  tamping  needs  Featuring  proportionate 
surfacing  and  one-chord  lining  system  Sighting  distance 
designed  to  be  the  most  ideal  error  reduction  for  both  lining 
and  surfacing 

Durable  ballast  compaction  with  Plasser  s  non- 
synchronous  vibratory-squeeze  tamping  with  adjustable 
squeeze  pressure — insures  uniform  compaction  under  any 
track  condition 

Plasser  s  standard  four  point  roller  clamp  lifting  system  is 
automatically  controlled  by  a  servo-valve  wire  lifting  and 
leveling  device,  an  electronic  pendulum,  and  an  electroni- 
cally operated  super  elevation  dial.  The  amount  o(  lift  is 
controlled  so  as  to  keep  the  servo-valve  at  zero,  guaran- 
teeing not  to  hump  track 

No  outside  jacks  are  used,  all  lifting,  leveling,  and  lining 
takes  place  between  two  loaded  axles  Extremely  advan- 
tageous on  CWR 

Lining  with  Plasser  s  one-chord  system  is  automatically 
performed  whether  in  tangents,  curves  up  to  14"  or  working 
to  fixed  points   Previous  plotting  is  not  necessary 

The  Special"  can  be  equipped  with  a  multi-lamp  device 
that  holds  the  track  at  the  working  lift  lor  multiple  insertions, 
il  necessary,  until  index  is  initiated 


PLASSER  AMERICAN  CORP. 

2001  MYERS  ROAD.  CHESAPEAKE.  VA   23324 
1804)  543  3526 


and  one  chord  lining  system.  Features  non  synchronous 
vibratory-squeeze  lamping  pnnciple.  automatic  lour  point  roller  clamp 
lilting,  and  eleclronic  pendulum  and  super-elevalion  dial  Lilt  is 
controlled,  keeping  servo-valve  at  zero,  guaranteeing  not  to  hump  track 


We  have  more  technical  Information  available  on  the 
ROADMASTER  SPECIAL.  Write  us.  or  call,  well  send  it  right 
away.  Or  a  demonstration  can  be  arranged.  (B04)  543-3526. 
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A  DOZEN  (and  one)  WAYS  to 

IMPROVE  your  M/w  PROGRAM 


THE  NEW  ONE 
TIE-SAVR 

3'y  compound  01 


PLUS  A  FULL  SELECTION  OF  HYDRAULIC  TOOLS  m  f  mb  f  j 

■  15* 


A 


RAILROAD  PRODUCTS,  INC. 

1524  FREDERICK   STREET  RACINE    WISCONSIN  53404 
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ESCO 


• 


Tie   Hondlers,   Anchor  Cribber 

*  Portable  Rail   Grinders 

*  Rail  Saws — Drills  and  Anchor  Applicators 

*  Rail  Testing  Equipment 

*  Rail   Lubricators 

*  Boutet — Thermit  Rail  Welds 

*  Cranes — Draglines  and  Shovels 

*  Tie  ond  Bridge  Pads 

*  Grinding  Wheels 

*  Hydraulic  Testers  and  Conditioners 

*  Portable  Alternators  and  Light  Plants 

ESCO  -  EQUIPMENT  SERVICE  COMPANY 

80  E.  JACKSON  BLVD.  CHICAGO,  ILL  60604 
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The  One  Shot  Automatics 


Mcxiei  ES-TDAG  features  me  TofSK>n  Beam.  Detia 
Levelling  System  arx3  Auto-Grapfiiinef  A  (ulty  auto- 
matic 16  tool  tamper  that  can  tamp  lift  and  iir^e  a 
switch  with  only  one  operator 


Model  E-JDAG  features  shoulder  lacks.  Delta 
Levelling  System  and  Auto-Graphliner  A  one 
operator  fully  automatic  16  too'  production  tamper  for 
IracK  maintenance  and  new  conslructton 


Lifting  & 
lining 

Forward 
travel 


All  in  sequence — Automatically 

Ease  of  operation  through  automatic  control 
insures  the  highest  consistency  and  uniformity  in 
tamping,  levelling  and  lining. 

The  MARK  II  SERIES  TAMPER 
Models  of  simplicity. 

ONE  OPERATOR— ONE  CONTROL 

Additional  information  from 


©AN  RON 

^-^RAILGROUP 


HEAD  OFFICE  &  PLANT-2401  Edmund  Rd. 
West  Columbia  (Columbia),  S.C.  29169 
803/794-9160 
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HoH  one  man  can  do 
the  Hork  of  four.  Safely. 


With  Safetran's  E-Z  Gauger,  one  man  can 
check  track  gauge,  realign  off-gauge  track,  and 
hold  the  rails  at  correct  gauge  while  respiking. 

Alone. 

On  curves,  bridges,  and  scales.  At  switch- 
points,  frogs,  and  high-speed  turnouts  On  the 
mainline  Fully  insulated 
for  use  in  signal  territory 

Safely,  accurately,  and  easily. 

The  key  is  the  E-Z  Gauger,  a  rather 
remarkable  little  piece  of  equipment.  Only 
42  pounds  and  72-inches  long,  the  E-Z 
Gauger  is  ruggedly  constructed  of  all 
steel,  and  precisely  engineered  for 
accuracy  and  ease  of  operation 

To  order  specify:  E-Z  Gauger 
082050-X  or  for 
further  information     /  I 
contact  us.  '   ^ 


P*^ 


11/^1 


Safetran  Systems  Corporation 


7721  National  Turnpike   •   Louisville.  KY  40214 


(502)  361-1691 

820b  8  rs 
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Committee 


I'E)    Member  Emeritus. 

Those   whose   names   are   shown   in  boldface,   in   addition  to  the  chairman,   vice  chainnan   and 
secretary,   are  the   subcommittee   chairmen. 

To  the  American  Railway  Engineering  Associatioii: 

Your  committee   reports  on   the  following  subjects: 

A.  Recommendation  for  Further  Study  and  Research. 

New  subjects  were  discussed  at  tlie  meetings  of  Committee  9,  but 
it  as  decided  that  these  would  come  within  the  scope  of  existing  sub- 
committees. 

B.  Revision  of   Manual. 

The  report  of  this  subcommittee  is  on   page  204 

1.  Drainage  and  Foundations  for  Highway- Railway  Grade  Crossings. 

The   first  report   of  this   new   subcommittee   is  on    page  205 

2.  Merits  and  Economics  of  Types  of  Grade  Crossing  Surfaces. 
Not  Included. 
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3.  Summary  Reporting  of  Significant  Publication  on  Grade  Crossing 
Safety. 

Summarized   reports   begin   on    page  208 

4.  Evaluation  of  Developments  in  Passive  and  Xon-Train-Actuated  Grade 
Crossing  Warnings. 

The  report  of  this  subcommittee  is  on   page  214 

5.  Study  of  Motor  \"ehicle  Codes  and  Drivers'  Licensing  Practices. 
Chairman  Mather  reports  that  efforts  at  coordination  with  other  agen- 
cies  have   continued,   but   no   responses   have   been   received   to   date. 

7.  Evaluation  of  Developments  in  Train-Actuated  Grade  Crossing  Warn- 
ings. Collaborating  as  Necessary  or  Desirable  With  Communication 
and  Signal  Section,  AAR. 

No  report  was  available  on  last  year's  activity. 

8.  Investigate  Uses  and  Types  of  Rumble  Strips  and  Their  Adaptability 
for  Approaches  to  Highway-Railway  Grade  Crossings. 

Chairman  Skinner  delivered  a  report  on  a  rumble  strip  study  by  the 
Department  of  Transport  in  Great  Britain  at  Committee  9's  Septem- 
ber 19,  1978  meeting  in  Chicago,  and  recommended  that  the  subject 
be  continued. 

10.   Summary  Reporting  of  Administration  of  State  Grade  Crossing  Safety 
Programs. 

Chairman  Amos  infonned  the  committee  on  the  status  of  \arious 
grade  crossing  traffic  control  dexices  and  surface  impro\ement 
programs. 

The  Committee  on  Highavays, 

L.  T.  Cerny.  Chairman. 


Report   on   Assignment   B 

F.  J.  KuLL  (chairman,  subcommittee  B),  J.  M.  B-a^tes,  C.  A.  Christensen,  J.  A. 
Cruikshank  (Assoc),  F.  Daugherty',  G.  R.  Epps,  R.  \'.  Gilbert,  H.  D.  H.vhn, 
C.  I.  Hartsell  (NIE),  D.  p.  Insana,  P.  G.  Jefferies,  D.  E.  Johnson,  R.  \". 
Loftus,  R.  J.  Massey,  R.  F.  McDonald,  G.  B.  Mentjes,  J.  C.  Miller,  G.  S. 
Munro  (Assoc),  Y.  M.  Newton,  G.  R.  Nickelsen,  R.  E.  Skinner,  J.  E. 
Spangler,  D.  Veitch,  W.  F.  Webster. 

During  tlie  year  Subsection  B  has  proposed  some  changes  to  Chapter  9  of  the 
AREA  Manual  which  have  been  adopted.  Subsequently  Part  VIII  of  the  Manual  of 
Uniform  Traffic  Control  Devices  has  been  finalized  and  is  in  the  process  of  being 
printed.  Part  \TII  was  given  official  status  by  the  Federal  Highway  Administration 
through  the  Federal  Register  and  a  bulletin  to  all  FHWA  officers,  but  has  been 
revised  somewhat  during  the  past  \ear,  prior  to  going  to  the  printers. 

A  comparison  between  AREA  Manual  Chapter  9  and  the  earlier  version  of 
MUTCD  P;u-t  \TII  discloses  considerable  basic  similarity  between  them,  some  con- 
flicting material,  and  quite  a  difterence  in  fonnat  and  language. 
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During  the  next  year  Subcommittee  B  proposes  to  compare  the  two  manuals 
and  to  prepare  revisions  to  AREA  Manual  Chapter  9  which  will  accomplish  three 
objectives: 

a)  Bring  it  into  compliance  with  MUTCD. 

b)  Completely  cross  reference  to  sections  of  MUTCD. 

c)  Simplify   and   delete   from   AREA   Manual   Chapter  9  unnecessary  material 
which  is  adequately  co\ered  by  MUTCD  Part  VIII. 

In  addition  Subcommittee  B  anticipates  there  likely  will  be  changes  to  Chapter 
9  resulting  from  the  activities  of  other  subcommittees. 

Report   on   Assignment   1 

C.  R.  NiCHELsoN,  1h.  (chairman),  C.  Amos,  W.  W.  Allen,  J.  M.  Bates,  R.  C. 
Brozio,  L.  T.  Cerny,  J.  W.  Cruikshank,  H.  D.  Hahn,  W.  J.  Hedley,  D.  P. 
Insana,  p.  G.  Jefferies,  Jr.,  M.  D.  Kexyox,  A.  O.  Kruse,  F.  J.  Kull,  J.  C. 
Miller,  P.  R.  Ogden,  R.  D.  Pamperl,  J.  E.  Reynolds,  H.  A.  Richards,  P.  A. 
Schuster,  C.  Shoemaker,  Larry  Snyder,  M.  R.  Sproles,  David  Veitch, 
J.  L.  Whitmeyer. 

Subcommittee  1,  Drainage  and  Foundations  for  High\\a\'-Railroad  Grade  Cross- 
ings was  reactivated  last  year  and  charged  with  the  general  responsibility  for  prepa- 
ration and  recommendation  of  guidelines  and  specifications  to  update  the  Design 
Manual.  The  subcommittee  was  also  charged  with  the  immediate  task  of  investigating 
the  use  of  filter  fabrics,  which  have  recently  become  available,  for  drainage  and 
foundation  structure  applications. 

During  the  past  year  tlie  subcommitee  has  been  engaged  in  the  collection  and 
assessment  of  information  from  the  various  manufacturers  of  the  filter  fabrics,  and 
available  information  and  research  publications  relating  to  uses  of  filter  fabrics. 
Several  sites  have  been  investigated  where  various  filter  fabrics  have  been  installed 
at  grade  crossing  on  mainlinue  sections.  Following  is  a  discussion  of  each  of  those 
sites: 

On  May  10,  1978  Rex  Nichelson,  Robert  Brozio,  Gordon  Benson,  and  the 
Chief  Engineer  for  the  C&IM  Railroad,  Mr.  Robert  Pierson,  \isited  several  sites 
where  fabric  had  been  included  as  a  part  of  crossing  or  roadbed  improvement. 

The  first  location  visited  was  on  Griffiths  Street  in  Springfield.  The  ballast  had 
been  placed  to  a  depth  of  9"  (measured  from  the  base  of  tie)  upon  Typar.  The 
fabric,  when  exposed,  showed  no  soil  fines  abo\e  the  cloth,  and  no  sign  of  distress 
or  puncturing.  The  fabric  had  been  in  place  for  about  2  years.  An  attempt  to  pene- 
trate the  subgrade  witii  a  cone  penetrometer  was  not  successful  due  to  the  coarse 
aggregate  intruded  into  the  subgrade  in  years  previous. 

The  second  location  was  in  Petersburg  on  Route  123.  The  ballast  deptli  in  this 
installation  measured  12/2  inches  in  thickness,  and  had  been  placed  more  than  6 
years  previous  on  Poly-filter  X.  In  this  installation,  the  surface  drainage  was  \er>' 
poor,  the  top  of  rail  being  roughly  the  same  as  the  surrounding  ground.  Two  or 
three  inches  of  water  were  encountered  at  tlie  bottom  of  the  ballast.  The  fabric  was 
in  excellent  condition  with  no  signs  of  puncturing,  and  no  soil  fines  noted  above 
the  fabric.  Again  at  this  site,  the  cone  penetrometer  encountered  old  ballast  in  the 
subgrade  to  the  extent  that  meaningful  readings  could  not  be  made.  There  was  no 
pumping  at  this  site,  or  at  the  first  one  described  above. 
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South  of  Havana  a  new  timber  crossing  had  recently  been  completed  using 
Typar  to  separate  the  subgrade  and  ballast.  Being  a  new  installation,  no  effort  was 
made  to  expose  the  fabric.  One  thing  that  was  dramatically  evident,  however,  was 
the  pumping  on  either  side  of  the  new  crossing  in  equally  new  ballast  placed 
directly  upon  the  soil.  There  was  no  sign  of  pumping  on  the  fabric  protected  crossing. 

South  of  the  City  of  Pekin,  the  C&IM  have  placed  a  considerable  amount  of 
new  ballast  on  a  Typar  fabric  over  the  very  fine  sand  subgrade.  This  long  area  is 
generally  located  in  about  a  10  foot  deep  cut.  The  ballast  depth  from  the  base  of 
the  tie  to  the  fabric  measured  only  5/2  inches.  The  cloth  had  no  puncture  holes  or 
tears,  exhibited  no  soil  fines  above  the  cloth,  and  no  standing  water.  This,  as  with 
the  other  previously  described  areas,  had  had  a  previous  history  of  pumping,  but 
none  was  apparent  now. 

Additionally,  tliere  are  now  fabric  installations  in  Athens  and  Cantrall,  and 
further  installations  are  being  planned. 

As  the  subcommittee  activities  progressed  throughout  the  year  it  became  e\i- 
dent  that  development  of  refined  specifications  for  the  optimum  utilization  of  these 
materials  will  necessarily  be  tlie  subject  of  considerable  research  requiring  se\eral 
years.  The  subcommittee  has  been  fortunate  in  securing  the  assistance  and  resources 
of  the  Illinois  Department  of  Transportation  through  the  offices  of  Mr.  Gordon  R. 
Benson,  who  is  Chief  of  the  Foundations  Unit.  Following  is  a  report  on  this  subject 
prepared  by  Mr.  Benson  for  Subcommittee  1: 

INTERIM  GUIDE  SPECIFICATIONS  FOR  FILTER  FABRICS 
By  Gordon  R.  Benson,  Illinois  Department  of  Transportation 

Few  products  introduced  in  tlie  last  score  of  years  for  the  designer  or  builder's 
use  in  earth  related  structures  have  drawn  the  interest  of  the  engineering  fraternity 
as  have  filter  fabrics.  The  problem  fabric  users  face  today  is  the  development  of 
acceptable  specifications  describing  the  necessary  physical  and  chemical  properties 
of  these  materials.  Users  throughout  the  engineering  world  are  groping  for  the  values 
necessary  to  assure  performance,  tlie  state  of  the  art  concerning  their  use  being  in 
relatively  early  stages  of  development  at  this  time.  The  Federal  Transportation 
Administration  has  contracted  with  the  Transportation  Research  Institute  of  Oregon 
State  University  to  carry  out  a  two  phase  program  in  which  ( 1 )  a  bibliography  of 
manufacturers,  the  products,  and  tlieir  characteristics  will  be  published  plus  a  state 
of  the  art  concerning  their  use,  and  (2)  a  delineation  of  desirable  properties  for 
specific  engineering  applications. 

It  has  been  quite  well  established  thus  far  that  there  are  three  ways  in  which 
the  fabric  may  be  beneficially  employed: 

1.  Separation  of  aggregate  and  soil,  preventing  contamination  of  the  aggregate 
layer  by  subgrade  intrusion. 

2.  Permits  the  movement  of  ground  water  without  upward  mo\ement  of  soil 
fines. 

3.  Increases   the   range   of  elastic   response  of  the  soil,   thus  ha\ing  tlie  same 
effect  as  a  wider  distribution  of  load. 

Each  of  these  tliree  apphcations  is  important,  but  the  data  a\ailable  at  tliis 
time  is  essentially  empirical  and  is  not  sufficient  to  consider  the  impact  of  the  diird 
item  for  crossing  design. 

The  projects  upon  which  the  fabric  has  been  used  as  a  means  of  separating 
aggregate  and  soil  include  both  highway  and  railroad  installations.  The  success 
stor>-  has  been  dramatic  with  a  very  low  incidence  of  failures.  It  appears  that  tlie 
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materials    are    rather   forgiving    in    that   e\'en    with    such   a   limited   experience    and 
knowledge  base,  tiie  success  and  cost  benefit  ratios  are  high. 

Experience  to  date  with  highway  applications  suggest  that  clearly  there  is  a 
correlation  between  the  strength  of  the  underlying  soil,  the  thickness  of  granular 
cover  over  the  cloth,  and  the  nunilxr  and  magnitude  of  load  repetitions  imposed 
without  damaging  the  fabric.  To  get  a  feel  of  the  effect  of  heavy  rail  traffic  on 
soil-fabric-aggregate  structures,  several  sites  were  \'isited  along  the  C&IM  Railroad 
in  Central  Illinois  where  fabrics  have  been  in  service  for  as  much  as  six  years. 
Applications  involved  rail  grade  crossings  and  areas  where  the  subgrade  has  been 
a  problem.  Ballast  depths  ranged  from  5/4  inches  to  12/2  inches,  the  measurements 
relating  to  the  distance  from  the  base  of  tie  to  the  fabric.  No  signs  of  distress  of 
the  fabric  were  noted.  No  sign  of  subgrade  soil  fines  were  noted  above  the  fabric. 
The  installations  inspected  included  both  wo\'en  and  nonwoven  materials.  .\n  attempt 
was  made  to  e\aluate  tlie  strength  of  the  subgrades  using  a  cone  penetrometer,  but 
the  results  were  considered  invalid  due  to  the  extensive  intrusion  of  old  ballast  into 
the  subgrade  in  past  years  which  obviously  affected  the  cone  results.  What  can  be 
said  is  that  the  usual  ballast  depths  overlying  soils  of  the  consistency  normally 
encountered,  the  cloth  has  not  been  overstressed  under  rail  loadings.  Additionally, 
of  the  sites  investigated,  there  was  no  sign  of  intruded  or  pumped  soil  fines  from 
below,  and  all  of  these  locations  had  a  prior  history-  of  pumping.  The  installations 
thus  far  have  pro\ed  entirely  satisfactory. 

Industry  manufactures  a  considerable  variety  of  fabrics,  and  they  range  from  as 
hght  as  one-half  oz.  per  square  yard  to  more  than  10  ozs.  per  square  yard.  Addi- 
tionally, as  previously  mentioned,  products  may  be  either  woven  or  spun  bonded. 
The  experience  thus  far  has  involved  fabrics  for  the  most  part  of  approximately 
4  ozs. /yd."  The  hght  end  of  the  weight  scale  has  generally  been  avoided  as  being 
weak  and  damage  prone  from  the  standpoint  of  construction  handling.  The  heavy 
end  is  limited  to  only  a  few  fabrics,  and  cost  significantly  more  than  the  lighter 
weights.  Thus,  purely  from  the  standpoint  that  past  experience  has  been  generally 
very  good,  continuing  the  use  of  materials  of  approximately  4  ozs. /yd."  appears  a 
reasonable  practice. 

Both  woven  and  nonwoven  fabrics  have  been  used,  but  the  woven  materials 
in  at  least  some  instances  are  as  much  as  300  percent  higher  in  cost  than  the  same 
weight  of  nonwo\en  fabric.  From  that  standpoint,  it  would  be  well  to  compare  costs 
before  selecting  the  fabric  for  use.  Additionally,  at  least  one  of  the  woven  fabrics 
has  a  very  low  elasticity.  In  this  area  too  there  is  a  shortage  of  knowledge  of  how 
much  stretch  is  actually  desirable,  but  elastic  extension  to  some  degree  is  quite 
necessary  except  in  the  cases  where  the  subgrades  are  sufficiently  dense  to  be  prac- 
tically deflection  free  under  load.  Thus,  while  the  writer  has  seen  a  successful  in- 
stallation with  low  stretch  fabrics,  their  use  probably  should  be  at  least  limited  to 
situations  involving  very  dense  subgrades. 

Certainly  one  very  relevant  aspect  has  to  be  tlie  size  of  the  openings  in  the 
fabric.  In  this  area,  it  would  appear  that  man\  of  the  products  presently  being 
manufactured  are  fairly  close  to  what  is  required  in  the  area  of  aggregate-soil 
separation  because  the  products  inspected  represented  a  significant  range  in  opening 
size,  but  were  all  performing  creditably  on  fine  grained  soils.  When  moisture  mo\e- 
ment  is  also  a  problem,  it  would  be  well  to  assure  that  the  fabric  will  satisfy  tlie 
requirement  that  there  be  no  loss  of  head  across  tlie  fabric  membrane,  and  secondly 
that  the  equivalent  opening  size  of  the  fabric  protects  against  piping  of  soil  fines. 
Criteria  in  the  latter  case  are  well  established  for  conditions  of  comparatively  high 
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hydrostatic  heads,  but  the  extent  to  which  these  criteria  can  be  relaxed  for  the 
low  magnitude  of  seepage  pressures  common  to  highway  and  railroad  subgrades 
are  not  yet  well  defined. 

As    a    preliminar>'    guideline    for    the    use    of   fabric    in    railroad    crossings,    the 
following  are  offered: 


Weight  of  fabric  per  sq.  yd. 

Elongation  at  break 
Grab  tensile  strength 
Equivalent  opening  size 
(for  separation) 


— minimum  of  approximately  4  ounces' 

yd-  ASTM  D1910 
— minimum  of  25%  ASTM  D1682 
—minimum  of  90  lbs.  ASTM  D1682 

— maximum  of  70  mesh 


It  is  reasonable  to  expect  that  we  will  gain  in  knowledge  through  further  use 
and  testing  of  the  various  materials,  and  the  very  brief  and  generalized  guidelines 
above  can  be  impro\'ed  upon. 

Report  on  Assignment  3 

Committee  9 — Highways 

Summary  Reporting  of  Significant  Publications  on 
Grade  Crossing  Safety 

H.  L.  Michael  (chairman,  subcommittee),  L.  L.  George  (vice-chainnan,  subcom- 
mittee), W.  W.  Allen,  C.  Amos,  J.  P.  Bollixg,  A.  L.  Carpexter,  L.  T.  C^jiny, 
M.  D.  Kenyon,  R.  a.  Mather,  G.  R.  Nichelson,  P.  R.  Ogden,  R.  D.  Pamperl, 
R.  H.  Patterson,  J.  E.  Reynolds,  H.  A.  Richards,  C.  Shoenl\xer,  R.  E. 
Skinner,  C.  W.  Smith,  M.  R.  Sproles,  David  Veitch,  J.  C.  Moerk. 


Introduction 

The  subcommittee  assignment  continues  to  be  tlie  reporting  in  summary  format 
of  significant  publications  or  developments  in  grade  crossing  safety.  This  year  five 
(5)  publications  and  progress  on  several  significant  research  projects  in  grade 
crossing  protection  are  reported. 

An  Evaluation  of  Various  Grade  Crossing  Illumination  Strategies,  Final  Report,  by 
Eugene  Russell,  Stephen  Konz  and  Corwin  Bennett,  Kansas  State  University,  Manhattan, 
Kansas,    Prepared    for    U.    S.    Deparment   of   Transportation,    November    1977. 

A  review  of  the  literature,  surv'eys,  and  personal  contact  showed  that  illumina- 
tion of  rail-highway  grade  crossings  is  a  problem.  There  is  little  agreement  on  most 
aspects  of  the  problem.  The  few  studies  that  specifically  relate  to  grade  crossing 
illumination  showed  that  illumniation  reduced  accidents.  There  is  a  need  for  addi- 
tional, controlled  studies. 

A  scaled  miniature  lab  model  proved  to  be  successful  for  stud>ing  "large 
effects"  such  as  one  light  vs.  two,  lights  on  die  "n^ar  side"  (of  tlie  train)  \s.  lights 
on  the  "far  side,"  etc.  It  was  determined  diat  one  light  is  inadequate;  a  minimum 
system  should  consist  of  "two  lights,  near  side"  (one  on  each  approach,  right  side, 
between  motorist  and  train).  The  experimental  data  also  showed  that  there  was  no 
benefit  to  backlighting  the  train  for  silhouetting  or  flicker  of  light  between  cars  (as 
some  have  advocated  from  theory). 
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An  extensive  program  of  filming  field  scenes  of  illuminated  grade  crossings  with 
movies,  colored  slides  and  black/white  photography  showed  these  approaches  to  be 
inadequate  tools  for  reliable  e\aluation.  However,  a  pilot  study  with  low-light  level 
TV  at  a  specially  installed  field  laboratory  on  Union  Pacific  tracks  proved  successful. 
This  full  scale  lab  model  can  be  used  to  exaluate  "smaller  effects"  such  as  type  of 
light  source,  mounting  height,  luminaire  design  \s.  glare,  horizontal  spacing  of  poles, 
etc.  The  study  showed  a  definite  need  for  this  type  of  information  and  two  more 
years  of  such  study  are  proposed.  A  pilot  study  to  develop  methodology  to  evaluate 
this  "smaller  effects"  study  was  successfully  completed. 

The  research  showed  that  the  state's  grade  crossing  accident/inventory  data 
file  is  inadequate  to  determine  the  effect  of  illumination  on  accidents  due  to  the 
vague  definition  of  illumination.  The  file  should  be  broken  down  into  categories, 
such  as  for  example,  night  accident  history  at  over  five  (5)  footcandle  illumination 
both  sides  of  train  surface,  >  5  f.c.  on  1  side,  illumination  between  1  to  5  f.c.  on 
train  on  bodi  sides,  etc.,  with  the  lowest  category  "0  f.c.  on  both  sides."  An  exten- 
sive field  study  is  needed  Ijecause  existing  files  do  not  contain  diis  data. 

Close  contact  with  full-scale  field  studies  in  Washington  County,  Oregon  and 
Lincoln,  Nebraska  were  a  valuable  supplement  to  this  study.  Although  the  Oregon 
study  is  not  yet  final,  both  studies  favor  the  use  of  a  low  pressure  sodium  vapor 
light  source  because  it  provides  adequate  light  with  maximum  efficiency  of  energy 
consimiption  and  its  yellow,  easily  distinguishable  color  provides  an  added  dimen- 
sion in  motorist  identification  of  "danger  ahead." 

Manual  on  Uniform  Traffic  Control  Devices  for  Streets  and  Highways,  A  National 
Standard  for  Application  on  all  Classes  of  Highways,  U.S.  Department  of  Transportation, 
Federal  Highway  Administration,  1978  (For  sale  by  the  Superintendent  of  Documents,  U.S. 
Government    Printing    OfFice,    Washingon,    D.C.    20402). 

This  1978  update  of  the  previous  Manual,  1971,  includes  all  official  revisions 
which  have  been  made  in  the  earlier  Manual  by  tlie  National  Advisory  Conunittee 
on  the  Manual  and  approved  by  the  Federal  Highway  Administrator.  It  includes  the 
traffic  control  devices — signs,  signals,  markings,  and  other  devices — placed  on  or 
adjacent  to  a  street  or  highway  by  authority  of  a  public  body  or  official  having 
jurisdiction  to  regulate,  warn  or  guide  motor  vehicle  traffic. 

The  Manual  has  been  approved  by  the  Federal  Highway  Administrator  as  the 
National  Standard  for  all  Highways  open  to  public  travel  in  accordance  witli  Federal 
Regulations.  It  is  also  approved  as  an  American  National  Standard  by  the  American 
National  Standards  Institute. 

The  1978  edition  of  the  Manual  includes  tuo  new  Parts — Part  VIII,  Traffic 
Control  Systems  for  Railroad-Highway  Grade  Crossings  and  Part  IX,  Traffic  Controls 
for  Bicycle  Facilities.  These  two  are  also  planned  for  separate  publication  at  a  later 
date  so  that  their  utilization  may  be  increased  among  those  with  specific  interests  in 
these  areas.  Part  VI,  Traffic  Controls  for  Street  and  Highway  Construction  and 
Maintenance  Operations,  and  Part  \TI,  Traffic  Controls  for  School  Areas,  will  also 
be  separately  published  as  they  were  for  the  1971  edition  of  the  Manual. 

The  full  Manual  will  be  sold  in  looseleaf  fonn  with  a  binder  and  sectional 
dividers  by  the  Government  Printing  Office  (GPO)  complete  with  a  subscription 
service  for  an  indefinite  period  for  receiving  revised  pages  incorporating  subsequent 
changes  or  additions.  Plans  are  to  distribute  changes  twice  a  year.  The  cost  of  the 
MUTCD  will  be  $18.00  (Domestic)  and  $22.50  (Foreign)  with  the  conventional 
20  percent  discount  for  100  copies  or  more  to  one  address.  Subsequent  page  changes 
for  the  100  or  more  copies  would  be  .sent  to  the  one  address  for  distribution.  Ad- 
vance orders  are  now  being  accepted  by  the  C;PO. 
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Port  VIII.  Traffic  Control  Systems  for  Railroad-Highway  Grade  Crossings,  from  the 
Manual  on  Uniform  Traffic  Control  Devices  for  Streets  and  Highways,  1978  (this  Part  will 
be  available  after  1978  from  the  Government  Printing  Office  and  will  be  available  with  the 
full   Manual    in    late    1978). 

This  Part  of  tlie  Manual  includes  all  authorized  traffic  control  devices  and  sys- 
tems which  regulate,  warn  or  guide  highway  traffic  at  railroad-highway  grade 
crossings.  The  National  Standard  covers  the  following  topics  relative  to  Traffic 
Control  Systems  at  such  locations: 

General 

Functions 

Use  of  Standard  Devices 

Uniform  Provisions 

Crossing  Closure 

Traffic  Controls  During  Construction  and  Maintenance 

Signs  and  Markings 
Purpose 

Railroad  Crossings   (Crossbuck)    Sign 
Railroad  Advance  Warning  Sign 
Pavement  Markings 
Illumination  at  Grade  Crossings 
Exempt  Crossing  Signs 
Turn  Restrictions 
Do  Not  Stop  on  Track  Signs 

Signals  and  Gates 

Purpose  and  Meaning 

Flashing  Light  Signal — Post  Mounted 

Flashing  Light  Signal — Cantilever  Supported 

Automatic  Gate 

Train  Detection 

Traffic  Signals  at  or  Near  Grade  Crossings 

Component  Details 

Systems  and  Devices 

Selection  of  Systems  and  Devices 

After  October  1978,  Part  VIII  will  be  available  witli  the  full  Manual  from  the 
Government  Printing  Office.  As  the  full  Manual  will  be  the  only  way  subsequent 
revisions  will  be  automatically  provided  by  the  GPO,  every  person  witli  responsi- 
bilities in  the  railroad-highway  grade  crossing  area  should  obtain  a  copy  of  the  full 
Manual.  Part  VIII  is  planned  to  be  available  as  a  separate  publication  after  1978. 

Traffic  Control  Devices  Hondbook  ond  Operofing  Guide,  Pari  VIII  Supplement,  Railroad- 
Highway  Grade  Crossings,  Prepared  by  the  National  Advisory  Committee  on  Uniform  TraflRc 
Control    Devices,    U.S.    Department   of   Transporation,    Federal    Highway    Administration,    1978. 

This  "Part  VIII  Supplement — Raihoad-IIighwa\  Grade  Crossings — of  tlie  Traf- 
fic Control  Devices  Handbook — An  Operating  Guide"  contains  requisites,  specifica- 
tions, drawings  and  instructions  for  de\ices  and  s\stems  used  for  traffic  control  at 
railroad-highway  grade  crossings. 
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Inasmuch  as  Part  VIII  of  the  Manual  on  Uniform  Traffic  Control  Devices 
(MUTCD)  involves  another  transportation  mode,  the  railroads,  this  supplement  to 
the  TraflBc  Control  Devices  Handbook  makes  available  in  a  separate  document  the 
detailed  information  of  special  interest  to  those  ix'ople  of  both  modes  engaged  in 
grade  crossing  tralfic  control. 

The  text  of  this  Part  Mil  Supplement  contains  a  large  amount  of  material 
taken  verbatim  from  the  Signal  Manual  of  the  Association  of  American  Railroads 
(AAR)  with  appropriate  references  to  the  parts  and  drawings  of  that  Manual. 

The  publication  includes  the  following  topics: 

General 

Introduction 

Definitions  and  References 

Crossing  Closure  Criteria 

Driver  Action  Required  at  a  Railroad  Crossing 

Need  for  Active  Control  Devices 

Traffic  Signals  Near  Railroad  Grade  Crossings 
Signs 

Specifications 

Drawings 

Signals  and  Devices 
Requisites 
Specifications 
Drawings 

Typical  Foundations 
Typical  Housings 
Instructions 

The  publications  available  from  the  Government  Printing  Office. 

Lighting,  VisibilitY  and  Railroad-Highway  Grade  Crossings,  Transportation  Research 
Record    628,    Transportation    Research    Board,    1977. 

This  publication  includes  ten  (10)  papers  presented  to  the  Transportation 
Research  Board  during  1977.  The  first  three  (3)  papers  are  concerned  with  railroad- 
highway  grade  crossings.  A  brief  summary  of  each  of  these  papers  follows: 

"Grode-Crossing  Warning  System  Technology,"  John  B.  Hopkins,  Transportation  Systems 
Center,    U.S.    Department    of    Transportation,    Cambridge,    Massachusetts. 

This  paper  reviews  the  objectives,  content,  and  results  of  a  large  number  of 
research  projects  sponsored  by  the  Federal  Railroad  Administration  and  related  to 
possible  improvement  concepts  associated  with  motorist-warning  systems  at  railroad- 
highway  grade  crossings.  The  benefits  sought  included  increased  effectiveness,  re- 
duced cost,  and  elimination  of  institutional  constraints.  The  subjects  that  were 
in\estigated  include  the  application  of  modularization  concepts  and  alternative 
components  in  warning-control  logic  systems,  cost  reduction  in  automatic  gate 
equipment,  flashing  lights  u.sing  xenon  fla.shlamp  technology,  functional  requirements 
and  the  relevant  equipment  for  lightning  protection  and  standby  power,  and  studies 
of  altematixes  or  novel  warning  system  concepts.  The  potential  for  meaningful 
advances  is  found  to  be  limited  and  is  severely  constrained  by  the  technicall\' 
challenging  nature  of  tlie  functional  and  safety  requirements. 
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"TrafRc-Confrol  Measures  af  Highway-Railway  Grade  Crossings  with  Provisions  for 
Light  Rail  Transit,"  J.  Schnabiegger,  Edmonton  Planning  Brands,  and  S.  Teply,  Department 
of    Civil    Engineering    Engineering,    University    of   Alberta,    Canada. 

Railway  rights-of-way  in  cities  are  attractive  alternatives  for  transit  corridors, 
but,  for  modes  that  are  not  fully  grade-separated,  such  as  light  rail  transit  systems, 
there  may  be  problems  with  combined  railway  and  transit  crossings  of  arterial 
streets.  This  situation  has  been  studied  in  Edmonton,  Alberta,  where  a  light  rail 
transit  line  is  under  construction.  The  surface  portion  of  this  line  is  along  the  railway 
right-of-way,  and  as  a  result,  the  operation  of  its  eight  grade  crossings  is  regulated 
by  railway  authorities.  The  short  headways  of  light  rail  transit  could  cause  frequent 
disturbances  to  the  road  traffic  that  operates  at  saturation  during  peak  hours.  This 
paper  illustrates  the  method  used  for  the  analysis  of  the  problem  and  discusses  the 
surveys  conducted.  The  basic  principles  governing  the  solutions  to  the  grade- 
crossing  problem  are  (a)  the  coordination  of  adjacent  signalized  intersections  in 
such  a  way  that  the  impact  of  the  crossing  closure  is  minimized  and  the  system 
recovers  shortly  after  the  closure,  (b)  the  integration  of  light  rail  transit  scheduling 
and  control  with  traffic  control,  i.e.,  restricting  the  closures  to  the  periods  of  mini- 
mum impact  on  road  traffic,  and  (c)   the  use  of  special  features  to  increase  safet>'. 

"Development  and  Application  of  a  Railroad-Highway  Accident  Prediction  Equation," 
Robert  A.    Lavette,    Florida   Department  of  Transportation. 

This  paper  reports  the  de\'e]opment  of  an  accident-prediction  equation  for 
train-vehicle  collisions  at  railroad-highway  grade  crossings  that  can  be  used  as  the 
basis  for  the  establishment  of  a  priority  order  for  signal  impro\ements.  Most  of  the 
quantitative  and  physical  factors  in  the  grade-crossing  en\ironment  were  included. 
Of  the  6000  public  grade  crossing  in  Florida,  1140  on  state  roads  were  used  as  the 
study  base.  The  accident-prediction  model  was  dexeloped  b\'  tlie  use  of  a  stepwise 
regression  analysis  and  three  unconventional  statistical  techniques:  (a)  the  analysis 
of  the  plots  of  the  residuals,  which  indicated  that  a  transfomiation  was  required 
(with  the  transformation  of  the  dependent  xariable  to  a  logarithmic  form,  die  plot 
of  the  residuals  was  reasonably  symmetric);  (b)  the  obser\'ed  interaction  between 
the  independent  variables;  which  resulted  in  the  use  of  dummy  \ariables,  particularly 
those  for  active  (warning  devices)  times  daily  traffic  and  number  of  trains;  and 
(c)  a  bias  in  the  accident  prediction  that  was  introduced  by  the  use  of  logarithms 
and  eliminated  by  use  of  a  nonlinear  least  squares  adjustment.  The  accident- 
prediction  model  had  a  multiple  correlation  of  0.43.  The  independent  \ariables  in 
the  model  were  the  traffic,  number  of  trains,  vehicle  speeds,  train  speeds,  number  of 
lanes,  and  presence  of  warning  de\iccs.  The  accuracy  of  tlie  accident-prediction 
equation  was  demonstrated  by  comparisons  of  actual  accidents  to  predicted  acci- 
dents. The  actual  number  of  train- vehicle  accidents  in  1975  was  70  percent  of  tlie 
number  predicted  by  the  model.  In  1975,  the  total  number  of  accidents  remained 
unchanged  from  that  in  1974,  but  the  numl>er  of  train-vehicle  accidents  decreased 
22  percent. 

OTHER    PUBLICATIONS 

OPERATION  LIFESAVER  campaigns — railroad  and  state  agency  organized 
public  educational  activities — are  acti\e  in  some  20-odd  states.  In  addition  the 
National  Safety  Council  ( NSC )  has  developed  a  proposed  program  package.  This 
package  defines  the  programs  purpose,  recommends  an  organizational  structure  and 
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details  information  regarding  available  promotional  and  educational  materials.  The 
programs  have  been  heralded  as  very  successful  in  the  states  which  have  initiated 
comprehensive  programs. 

The  OPERATION  LIFESAVER  concept  has  been  conducted  successfully  in 
several  states,  and  program  results  have  been  impressive  and  encouraging,  in  tenns 
of  reduced  accidents,  fatalities,  and  injuries.  The  effort  is  designed  to  bring  togetlier 
all  interested  and  invoked  parties,  dirough  a  well-coordinated  program.  Its  ultimate 
purpose  is  to  promote  hazard  awareness  to  the  general  public,  thus  improving  the 
dri\'er's  performance  at  the  crossing. 

The  primary  elements  of  the  program  are: 

1.  ENGINEERING 

2.  EDUCATION 

3.  ENFORCEMENT 

It  is  suggested  diat  the  program  be  organized  under  the  title  of  "The  (hiscrt 
State  name)  Rail-Highway  Grade-Crossing  Safety  Council,"  working  through  the 
Governor's  office,  and  composed  of  members  representing  a  wide  variety  of  interest 
groups,  from  the  following  communities:  safety  associations;  Federal,  State,  and 
Local  Governmental  Agencies;  key  members  of  state  legislature;  railroads  (freight, 
passenger,  and  commuter);  interstate  and  intrastate  motor  carriers,  media,  ci\ic, 
social,  business,  and  professional  groups;   and  other  interested  groups. 

Once  this  program  is  implemented,  it  should  be  emphasized  that  die  program 
must  be  continuing  and  on-going.  The  Education  and  Enforcement  aspects  of  the 
program  are  conducted  in  two  phases.  The  initial  phase  being  a  highly  visible  and 
concentrated  public  relations  program,  aimed  at  reaching  a  significant  portion  of  the 
target  population.  The  second  phase  being  an  on-going  and  continuous  program 
aimed  at  specific  problem  locations  (crossings,  xillages,  cities,  counties,  etc.)  that 
can  be  determined  by  analyzing  accident  rates  and  observed  driver  performance. 
The  Engineering  phase  is  intended  to  provide  for  permanent  installations  of  appro- 
priate passive  and  active  traffic  controlling  warning  system,  in  an  effort  to  prexcnt 
such  tragic  and  needless  accidents. 

This  program  concept,  methodology,  and  approach,  has  been  one  of  the  most 
successful  and  encouraging  programs  available.  The  degree  and  e.xtent  of  program 
success  is  dependent  upon  the  comprehensiveness  of  program  commitment,  organiza- 
tion, planning,  implementation,  and  reinforcement. 

Further  information  is  a\ailable  from  the  National  Safety  Council,  444  North 
Michigan  Avenue,  Chicago,  Illinois  60611.  Many  railroads  and  states  which  are 
already  involved  also  have  materials  axailable. 

RESEARCH    IN    PROGRESS 

A  number  of  research  projects  in  the  railroad-highway  grade  crossing  area 
continued  active  or  their  final  reports  had  not  been  made  a\ailable  by  August 
1978.  The  following  is  a  list  of  specific  titles  of  those  knoun  to  the  Committee: 

1.  Safety   Features    of    Stop    Signs   at   Rail-Highway   Grade   Crossings.    FHWA 
sponsored. 

2.  Railroad  Grade  Crossing  Active  Adxance  Warning  Signals.  FR^V  and  ^T^W.\ 
sponsored. 

3.  Experiment  with  Halo-light  Rail-Highway  Flasher  (National  Advisory  Com- 
mittee approved  experiment). 

4.  Use  of  Strobe  Lights  at  RR  Grad<'  Crossings  (National  Ad\isory  Committee 
approved  experiment). 
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CONCLUSION 

Important  research  and  development  is  in  progress  in  the  area  of  railroad- 
highway  grade  crossings  and  the  continuing  publication  of  important  papers  and 
research  reports  is  anticipated.  As  a  consequence  the  assignment  of  the  subcom- 
mittee continues  to  be  an  important  one  and  should  be  continued  without  change. 

Committee  9 — Highways 

Report  on   Assignment  4 

Evaluation  of  Developments  in  Passive  and  Non-Train 
Actuated  Grade  Crossing  Warning 

J.  L.  Whitmeyer  (chairman,  subcommittee),  R.  C.  Aldrich,  H.  J.  Barves,  J.  P. 
BoLLiNG,  R.  J.  BowMAX,  A.  L.  Carpenter,  L.  T.  Cerxy,  C.  A.  Christensen, 
R.  A.  Downey,  L.  L.  George,  R.  V.  Gilbert,  P.  H.  Himeb-wgh,  D.  E.  John- 
son, B.  J.  D.  Kersey',  F.  J.  KuLL,  R.  F.  McDonald,  R.  J.  M.\ssey,  O.  Messin- 
GiLL,  G.  E.  Masters,  R.  A.  Mather,  H.  L.  Michael,  G.  R.  Xichelson,  R.  D. 
Pamperl,  H.  a.  Richards,  F.  E.  Rosencr-ajsz,  E.  R.  Russell,  P.  L.  Sehnert, 
C.  Shoemaker,  L.\rry'  Snyder,  J.  E.  Spangler,  R.  F.  Spars,  D.  D.  Thom.^s, 
H.  J.  WiLKiNs,  H.  L.  \\'oltm.\n,  W.  G.  Zielinski. 

Symbolic  signs  are  continuing  to  appear  throughout  the  road  system.  ProbabK' 
most  interesting  has  been  the  early  acceptance  by  some  states  of  a  standard  road 
intersection  sign  which  incorporates  the  railroad  track  s>Tnbol.  It  is  used  primarily 
where  railroads  are  parallel  to  a  road  with  the  connecting  roads  crossing  the  tracks 
adjacent  to  the  intersection.  Refer  to  figure  1  illustrating  special  railroad  signs  used 
by  the  State  of  Indiana. 

Assignment  3  of  this  Committee  reported  in  Bulletin  665  on  tuo  government 
reports  co\'ering  passi\e  signing  studies.  Although  all  field  work  is  completed  in  tlie 
Stop  Sign  Study,  the  publication  has  been  enlarged  to  include  an  '"executixe  sum- 
mary" of  some  f?5  pages  and  expected  from  tlie  printers  in  tlie  Fall  of  1978.  The 
Passive  Signing  Study  is  also  to  be  a\ailable  from  tlie  National  Technical  Infonna- 
tion  Ser\ice  this  Fall. 

Some  follow-on  work  is  continuing  specificalK'  with  before  and  after  results  of 
observations  dealing  with  botli  the  red  and  \ellow  advance  warning  and  crossbuck 
signs.  The  government  is  working  with  tlie  States  toward  further  assessment  of  the 
benefits. 

The  California  Public  Utilities  Commission,  in  tlieir  Decision  No.  87902,  or- 
dered a  new  sign  entitled  "Non-Motorized  Whicle  and  Pedestrian  Railroad  Crossing 
Sign."  The  design  (see  Figure  2)  consists  of  the  regular  octagonal  stop  sign  and 
the  message  sign,  similar  to  the  Commission's  Std.  ID  sign,  for  use  on  a  public 
pedestrian   crossing   and    bike   path. 

A  Wisconsin  firm  has  developed  a  cross  buck  sign  with  l%"  poly-\inyl  reflectixe 
extrusion  borders  on  the  blades  claiming  high  conspicuit>-  up  to  a  mile. 

This  report  is  submitted  as  infonnation  with  recommendation  that  the  subject 
be  continued. 
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(  E )    Member  Emeritus. 

Those   whose   names   are   shown   in   boldface,   in   addition  to  the   chairman,   vice  chairman   and 
secretary',    are   the    subcommittee    chairmen. 


To  the  American    Railway  Engineering  Association: 

Your  committee   reports   on  tlie  following  subjects: 

B.  Revision  of  Manual. 

Under  way  is  the  continual  updating  of  "Glossary  of  Tenns"  and  "Di- 
rectories  of  Governmental  Enforcement  Agencies." 

1.  Water  Pollution  Gontrol. 
Xo  report. 

2.  .Air  Pollution  Control. 
No  report. 

3.  Land  Pollution  Control. 
No  report. 

4.  Industrial  Hygiene. 

Rt'port   "Gontrol   of   Dermatitis   Caused  by   \'arious   Materials   Used   in 

Railroad    Operations,"    submitted    as    information     patze  219 

5.  Plant  Utilities. 

Report   "Systems   and   Techniques    for   Collection,    Rec\cling   and    Dis- 
posal of  Locomotive  Cooling  Water."  submitted  as  information    page  222 
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7.  Noise  Pollution  Control. 

Part  7  cover  sheet  and  Appendix  B  "Directory  of  Go\crnniental  Agen- 
cies Responsible  for  Noise  Control,"  submitted  as  information  and 
future    Manual    publication     pam-  232 

8.  Student  Design  Contest. 

New  subcommittee  has  commenced  work  on  an  environmental  engineer- 
ing student  design  contest  to  be  a\\'arded  at  the  1980  AREA  Technical 
Conference. 


The  Committee  on  Environmental  Engineering, 

W.  H.  Melgren,  Chairman. 


Report  on  Assignment  4 

Industrial   Hygiene 

CONTROL  OF  DERMATITIS   CAUSED   BY  VARIOUS  MATERIALS 
USED   IN   RAILROAD  OPERATIONS 

W.  D.  Peters  (chairman,  subcommittee),  R.  R.  Holmes  (vice  chairman,  stibcom- 
mittee),  C.  H.  Bryant,  W.  M.  Cummings,  I.  L.  King,  W.  H.  Melgren,  R.  G. 
Michael,  C.  F.  Muelder,  G.  H.  Nick,  R.  Singer,  J.  H.  Smith,  R.  T.  Noonan, 
R.  M.  Roach,  Jr. 

Your  committee  submits  as  information  the  following  report  pertaining  to  the 
"Control  of  Dermatitis  Caused  by  Various  Materials  Used  in  Railroad  Operations." 

I.    IntroducKon: 

The  nature  and  the  complexity  of  the  railroad  industry  points  out  the  wide 
range  of  exposure  possible  among  railroad  workers.  The  hazards  of  tlie  office  workers 
are  not  great,  but  cases  of  dermatitis  from  contact  with  paper,  duplicating  chemicals, 
blueprints  and  such  everyday  substances  as  soap  and  water  may  occur.  Train  crews 
have  no  particular  contact  hazards  except  for  the  possibility  of  contact  with  a  wide 
variety  of  substances  handled  as  freight,  in  the  perfonnance  of  their  duties.  Mainte- 
nance of  rolling  stock  is  essentially  a  machine  shop  operation  inxolving  cleaning  and 
machinery  operation,  the  hazards  of  which  are  numerous  with  cutting  oils,  and 
solvents  such  as  highly  alkaline  stripping  compounds.  Employees  in  locomotive 
shops  have  increased  exposures  to  chromate,  diesel  fuel,  lubricating  oil  and  abrasive 
sludge.  Occupations  connected  with  buildings,  bridges,  track,  signal  and  communi- 
cations are  many  and  suggest  the  hazards  of  all  the  building  trades  including 
carpenters,  plumbers  and  painters  as  well  as  those  employed  on  the  rights  of  way 
exposed  to  creosote,  poison  ivy  and  other  plants  growing  along  the  track,  and 
chemicals  used  to  keep  weed  growth  to  a  minimum.  Occupations  of  the  restaurant 
business  are  included,  and  cooks,  dishwashers  and  waiters  are  not  infrequently  the 
victims  of  occupational  dennatitis.  From  the  numerous  occupations  in  the  railroad 
industry  it  appears  that  tliere  is  no  dermatitis  peculiar  to  the  railroad  but  rather 
a  cross  section  of  all  occupational  dennatitis.   (Inflammation  of  the  skin.) 
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II.  General: 

Effects  upon  skin  by  various  skin  irritants  vary  with  degree  of  exposure,  and 
with  inherent  individual  characteristics.  These  adverse  effects  can  often  be  pre- 
vented by  observing  normal  standards  of  personal  cleanliness  or  utilizing  chemical 
barriers  and/or  personal  protective  equipment. 

The  two  general  types  of  skin  reaction  are  primary  irritation  dermatitis  and 
sensitization  dermatitis.  Primary  irritation  dermatitis  occurs  from  mechanical  agents 
such  as  friction,  physical  agents  such  as  heat  or  cold,  and  chemical  agents  such  as 
acids.  Sensitization  dermatitis  is  the  result  of  allergic  reaction  to  a  given  substance 
and  can  be  recognized  primarily  by  the  fact  that  the  sensitivity  becomes  established 
over  a  relatively  long  induction  period  which  may  be  a  few  days  to  a  few  months. 
After  sensitization  occurs,  exposure  to  only  minute  amounts  of  the  sensitizing  ma- 
terial may  produce  severe  reactions. 

III.  Classification    of   Skin    Irritants: 

Causes    of   occupational   dennatitis    are   classified   under   these   main   headings: 

A.  Mechanical  causes — ^These  include  friction,  pressure  or  trauma.  The  hard 
and  callous  layers  of  the  skin  become  softened  by  high  temperature  and 
excessive  perspiration,  the  development  of  friction  then  leads  to  dermatitis. 
The  chief  afflictions  resulting  from  mechanical  agents  are  cuts,  which  may 
become  infected  with  either  bacteria  or  fungi. 

B.  Physical  agents — These  include  heat,  cold,  water  and  sunlight.  Hot  water 
softens  the  skin  so  that  substances  more  readily  attack  the  skin,  as  typified 
by  dermatoses  occurring  among  laundry  workers  and  dishwashers.  X-rays 
may  cause  dermatitis,  severe  bums  and  even  cancer.  Prolonged  ex-posure  to 
sunlight  produces  skin  changes  which  may  cause  dangerous  body  alterations; 
frostbite  produce  chilblains.    (An  inflammatory  swelling  or  sore.) 

C.  Plants — Plant  poisons  which  can  cause  dermatitis  are  produced  by  several 
hundred  plants.  The  best  known  are  poison  ivy,  poison  oak  and  poison  sumac. 
Dermatitis  from  these  three  sources  may  result  from  bodily  contact  with 
any  part  of  the  plant,  from  exposure  of  any  part  of  the  body  to  smoke 
from  the  burning  plant  or  from  contact  with  clothing  or  other  objects 
which  have  previously  been  exposed  to  the  poison. 

D.  Biological  agents — These  agents  causing  dermatitis  may  be  bacterial,  fungous 
or  parasitic.  Fungi  causes  athlete's  foot  and  dermatitis  among  all  workers. 
Parasitic  causes,  typified  by  grain  itch  and  ground  itch,  occur  among  grain 
handlers  and  others. 

E.  Chemical  agents — These  agents  include  numerous  acids,  alkalis,  salts,  soaps, 
oils,  resins,  explosives,  solvents  and  dyes. 

IV.    Methods    of    Control: 

A.  Chemical  skin  protectors — These  should  be  available  for  use  at  accessible 
stations  or  rest  rooms  that  are  also  equipped  with  standard  facilities  in- 
cluding hot  water,  soap  and  showers.  Protective  creams  should  be  of  rec- 
ommended types  for  skin  surfaces  that  cannot  be  otherwise  protected.  Degree 
of  protection  should  be  recognized,  and  use  made  according  to  the  potential 
that  will  be  encountered.  Before  a  particular  protective  ointment  or  creain 
is  purchased,  its  composition  should  be  ascertained  and  its  protection  ability 
evaluated  in  concert  with  the  compan\-  medical  doctor. 
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Tjpes: 

1.  Barrier  Creams 

a.  Type  that  protects  against  non-water  based  irritants. 

b.  Type  that  protects  against  irritants  with  water  basis  and  those  with  high 
water  content. 

2.  Waterless  Hand  Cleaner 

a.  Removes  grease,  grime,  paint,  etc. 

b.  Often  contains  emollients. 

3.  Industrial  Cold  Cream 

a.  Moisturizing   and   emollient   creams   or   lotions   such   as   silicone   and   lanolin. 

b.  Serves   as  barrier  against  many  irritants,  dirt,   and  bacteria. 

c.  Relieves  rough,  chapped  skin. 

B.  Personal  protective  equipment — If  the  hazard  cannot  be  adequatel>'  con- 
trolled by  plant  design,  appropriate  protective  clothing  and/or  equipment  of 
proper  design  and  material  may  be  required. 

1.  Gloxes,  sleeves  and  gauntlets. 

2.  Goggles  and  face  shields. 

3.  Aprons,   jackets,   coats,   boots,   coveralls. 

4.  Protecti\e  barriers.   Used   to  prevent  the  splashing  of  liquids,  travel  of 
harmful  rays,  and  the  dispersion  of  dust. 

5.  Exhaust  systems  used  to  remove  vapors,  dusts  and  mists. 

C.  Personal  cleanliness — The  most  important  factor  in  preventing  dermatitis 
among  industrial  workers  is  personal  cleanliness.  This  may  be  achie\ed  by 
the  following: 

1.  Providing  adequate  washing  facilities. 

2.  Providing  skin   cleansers    effective    against    irritants    to    be   encountered. 

3.  Employee  education. 
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Report  on  Assignment  5 

Plant  Utilities — Design,  Construction  and  Operation 

D.  S.  Krieter  (chairman,  .stibcommittee),  G.  W.  Bowex,  R.  A.  Dugan,  L.  \V. 
Grapentine,  E.  p.  Herrick,  F.  L.  Manganaro,  W.  D.  Mason,  Jr.,  R.  E. 
Metzger,  T.  F.  Murphy,  L.  W.  Pepple,  W.  N.  Stockton,  J.  B.  \V.akelee  III, 
H.  B.  Wyche,  D.  R.  York,  J.  A.  Cimermancic. 

Your    committee    submits    the    following   report   as    information. 

SYSTEMS   AND   TECHNIQUES   FOR   COLLECTION,   RECYCLING   AND 
DISPOSAL  OF  LOCOMOTIVE   COOLING   WATER 

Introduction 

Locomotive  cooling  water  nonnally  contains  various  chemical  additives  for 
inhibiting  corrosion.  When  it  becomes  necessary  to  drain  a  locomotive  cooling 
system  in  connection  with  repairs  or  other  reasons,  there  is  the  problem  of  what  to 
do  with  the  drained  cooling  water.  Recycling  this  water  is  attracti\e  because  it 
reduces  the  cost  of  replacing  the  additives  when  the  cooling  system  is  refilled  and 
because  of  problems  which  may  be  associated  with  disposal  of  the  coolant  in  an 
environmentally  acceptable  manner.  In  order  to  accomplish  this,  it  is  necessan.-  to 
provide  suitable  facilities  for  collecting  the  coolant  and  treating  it  to  remove  solids 
and  any  oil  which  may  be  present.  Provision  must  also  be  made  for  detennination 
of  the  additive  concentration  required  to  bring  it  to  the  desired  strength  before 
putting  the  coolant  back  in  radiators.  The  objective  of  this  report  is  to  provide 
information  which  may  be  useful  in  an  approach  to  the  problems  pertaining  to  this 
matter. 

TYPES  OF  INHIBITORS   USED 

Chromate 

The  chromate  based  treatments  are  formulated  on  the  basis  of  sodium  chromate 
or  potassium  chromate  being  the  active  ingredient.  Although  tliere  are  pollution  and 
dermatitis  problems  associated  with  the  use  of  chromate  inliibitors,  man\  railroads 
have  still  been  reluctant  to  change  from  this  treatment  due  to  the  following  favorable 
characteristics : 

1.  Chromates  are  extremely  effective  corrosion  inhibitors  for  all  tspe^  of  loco- 
motive cooling  system  metals. 

2.  Chromate  concentrations  are  easily  monitored  colorimetricalK-  using  a  com- 
paritor  with  relatively  little  interference. 

3.  The  analysis  of  chromium  in  crankcase  oil  as  a  water  leak  check  is  a  reiison- 
ably  accurate  analysis. 

4.  Chromate  inhibitors  lend  themselves  well  to  reclamation  and  roc\clo  tluis 
alleviating  a  great  portion  of  the  potential  pollution  problem,  resulting  in 
cffecti\e  concentration  control  for  a  large  portion  of  the  fleet  cooling  water. 
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Nitrite-Nitrate 

Despite  all  of  the  favorable  characteristics  of  the  chroniate  inhibitor,  its  inher- 
ent toxicity  and  the  difficulty  of  effectively  controlling  effluent  concentrations  below 
permit  levels  have  led  many  railroads  to  change  to  nitrite-nitrate  and  borate-ni trite 
inhibitors,  since  these  were  originally  believed  to  be  nnich  less  toxic  than  chromate. 
However,  current  research  on  borates  and  nitrites  indicates  diat  this  may  not  be 
the  case,  and  care  should  be  taken  to  prevent  skin  contact  and  discharges  to  streams. 
These  inhibitors  are  complex  formulations  which  contain  as  many  as  seven  or  more 
inhibitor  components  to  provide  adequate  protection  against  corrosion  of  steel, 
Ijrass,  copper,  cast  iron  and  solder.  The  fonnulations  \ary  depending  upon  supplier 
and  treatment  desired,  but  typically  consist  of  sodium  tetraborate,  caustic,  sodium 
nitrite,  sodium  nitrate,  sodium  silicate,  dye,  scale  suppressants,  triazole  and  water. 
As  with  chromate,  the  cooling  water  treatment  must  be  applied  regularh'  and  con- 
tinuously maintained  at  the  proper  concentration  to  be  fully  effective,  since  some 
damage  to  the  cooling  systems  may  occur  in  brief  periods  of  undertreatment."  Wlien 
used  at  the  manufacturer's  recommended  concentrations,  usually  between  500  and 
2000  parts  per  million  nitrite,  these  inhibitors  are  capable  of  curtailing  cavitation 
and  impingement  attacks,  and  nomnetal  components  of  the  cooling  system  such 
as  gaskets  and  seals  are  not  adversely  affected. 

These  inhibitors  come  as  liquid  concentrates  and  dierefore,  are  much  easier 
to  prepare  and  add  to  the  locomotive  without  the  dust  and  dennatitis  problems 
connected  with  chromate  inhibitors.  However,  excessive  nitrogen  levels  in  waste- 
water are  not  allowed  by  many  state  environmental  agencies,  and  care  needs  to  be 
taken  to  prevent  imnecessary  skin  contact  with  the  nitrite  treatments.  A  scale  sup- 
pressant is  also  incorporated  into  this  type  of  inhibitor  and  it  is  not  essential  to  use 
soft  water  for  locomotive  cooling  systems.  Nitrite-nitrate  formulations  have  an 
additional  favorable  characteristics  in  that  tliey  are  compatible  with  antifreeze.  Very 
little  antifreeze  is  presently  used  in  locomotive  cooling  systems  but  it  is  possible  this 
could  change  if  future  restrictions  on  idling  engines,  exhaust  emissions,  noise  and 
fuel  become  more  stringent. 

The  nitrite-nitrate  formulations  are  not  without  problems  unconnnon  with  the 
use  of  chromate  inhibitor.  The  test  for  the  nitrite-nitrate  dosage  control  is  a  test 
for  nitrite  since  it  is  the  main  inhibitor  for  ferrous  metals  and  complete  protection 
is  assured  only  if  its  level  is  maintained.  This  can  be  either  a  titration  or  conductivit\ 
check,  each  of  which  is  subject  to  considerably  more  error  than  the  color  comparitor 
test  for  chroniate.  When  using  the  nitrite-m'trate  type  of  inhibitor,  the  check  for 
lube  oil  contamination  from  cooling  water  using  spectrographic  analysis  is  a  check 
for  either  sodium  or  potassium.  The  .spectrographic  analysis  of  sodium  or  pota.ssium 
is  rather  sketchy  when  compared  to  the  analysis  of  chromium,  so  interjDretation  of 
water  leaks  is  somewhat  more  difficult.  The  nitrite-nitrate  inhibitors  also  contain 
silicates  and  this  further  coniplicates  the  spectrographic  interpretation  of  air  filter 
maintenance. 

Borale-Nitrite 

The  borate-nitrite  treatment  essentially  follows  the  same  rust  inhibiting  nieclia- 
nism  as  the  nitrite-nitrate  treatment  with  the  exception  of  borate.  They  are  also 
compatible  with  antifreeze  solutions.  Borates  are  considered  by  suppliers  to  be  a 
necessary  component  in  this  treatment  for  satisfactory  corrosion  control,  and  some 
railroads  utilize  the  boron  as  a  tracer  element  to  allow  ready  treatment  identification 
by   spectrographic    analysis.   This    aids   in   the   detection   of  leaks   to   the   crankcase. 
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Other  complex  chemical  formulations  are  usually  added  in  small  concentrations  such 
as  sequesterants,  scale  suppressants,  and  pH  buffering  agents. 

Boron  is  toxic  at  concentrations  of  1.0  mg/1  to  many  crop  plants  and  discharges 
to  sources  of  irrigation  water  usually  have  stringent  effluent  hmitations.  Some  states 
have  limited  boron  concentrations  to  less  than  1.0  mg/1  in  water  discharging  to 
a  stream. 

COLLECTION   AND   RECYCLING 

Chromate 

Most  existing  reclamation  and  recycle  procedures  for  locomotive  cooling  water 
follow  this  scheme: 

1.  Oil  removal 

2.  Filtration 

3.  Dosage  control 

4.  Transfer  to  main  storage  tank. 

Chromate  based  treatments  for  locomoti\e  cooling  water  have  proxen  to  be 
among  the  most  effective  and  economical  rust  inhibitors.  Chromate  treatment,  like 
other  treatments  has  to  be  maintained  at  an  effective  concentration.  Due  to  the  toxic 
nature  of  the  chemical,  adequate  precautions  should  be  taken  for  the  protection  of 
personnel  handling  it.  Chromiiun  is  also  strictly  limited  in  effluents  discharging  to 
streams  in  most  states.  A  limit  of  0.05  mg/1  is  typical,  and  has  served  as  an  impetus 
to  recycle  chromate  cooling  water. 

Since  treatment  for  waste  chromate  water  is  an  inherently  expensive  process, 
recycling  of  the  chromate  water  becomes  an  attractive  economical  altemati\e. 
Recycling  at  various  levels  has  been  in  successful  practice  for  a  number  of  years  on 
many  railroads  using  chromate  treatment.  Installation  costs  varying  with  size  and 
sophistication  desired,  but  usually  fall  in  the  $4,000-$40,000  range.  The  basic 
process  involves  collection  of  the  cooling  water  in  a  tank  of  sufficient  size  to  permit 
skimming  of  any  accumulated  oil  followed  by  filtration,  concentration  adjustments 
and  return  to  tlie  locomotive.  A  simplified  flow  diagram  of  such  a  system  is  shown 
in  figure  one. 

In  any  effective  recycling  system,  it  is  necessar>'  to  locate  the  facility  in  an 
efficient  functional  area  of  the  shop  and  to  properly  train  the  people  responsible  for 
its  operation.  In  this  way,  its  use  will  be  integrated  as  part  of  the  nonnal  shop 
operations.  Adequate  design  considerations  need  to  be  given  to  tlie  number  and 
locations  of  locomotives  serviced,  cooling  water  capacity,  provision  for  sampling 
the  cooling  water  and  proper  identification  of  effluent  and  influent  lines.  Many 
different  excellent  systems  have  been  designed  by  railroad  engineering  personnel 
and  it  is  suggested  that  a  case  by  case  approach  be  used  when  designing  these 
recycle  systems.  In  this  way  varying  acti\'it>-  levels  and  shop  functions  can  be 
accommodated. 

Nitrite-Nitrate,    Borate-Nitrite    Systems 

There  are  presently  no  specific  railroad  effluent  regulations  governing  the  dis- 
charge of  nitrite-nitrate  or  borate-nitrite  cooling  water.  Howexer,  general  effluent 
nitrogen  and  boron  standards  do  exist,  and  are  typically  1.0  mg/1  or  less.  Most 
often  when  drainage  is  required,  the  cooling  water  is  simply  discharged  to  a  sanitary 
or  industrial  sewer  witli  no  attempt  at  reclamation  or  rec\cle.  In  some  instances, 
the  cooling  water  is  drained  into  a  holding  tank  for  reuse,  but  this  practice  is  \ery 
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limited.  Due  to  stringent  discharge  limitations  being  imposed  on  boron  and  the 
cancer  causing  properties  of  nitrites,  care  needs  to  be  taken  in  designing  handh'ng 
facilities  for  these  treatments. 

The  nitrite-nitrate  and  borate-nitrite  inhibitors  are  complex  fonnulation.s  re- 
quiring several  components  for  adequate  corrosion  control  in  a  locomotive  cxjoling 
system.  It  is  therefore,  necessary  to  maintain  an  adequate  concentration  of  each  of 
the  inhibitors,  and  to  ensure  that  they  are  present  in  the  proper  proportions.  This  is 
because  of  two  factors.  First,  failure  to  inhibit  corrosion  of  one  metal  may  intensify 
an  attack  on  the  other.  Second,  an  inhibitor  of  corrosion  of  one  metal  may  actually 
intensify  the  corrosion  of  another  metal.  In  reclamation  of  the  nitrite-nitrate  and 
borate-nitrite  inhibitors,  bringing  the  nitrite-conctntration  up  to  strength  will  not 
ensure  that  the  other  inhibitors  are  brought  up  to  strength  and  it  is  especially 
questionable  if  their  proper  proportions  will  be  maintained.  The  end  result  would 
be  to  change  the  formulation  without  knowledge  of  its  effect  on  corrosion  control. 
It  is  also  questionable  what  effect  the  oil  removal  and  filtration  steps  used  in  the 
reclamation  procedures  may  have  on  other  essential  components  of  these  inhibitors, 
such  as  the  scale  suppressants. 

Another  characteristic  of  the  nitrite-nitrate  and  borate-nitrite  type  inhibitors 
is  the  instability  of  the  nitrite.  Nitrites  are  very  susceptible  to  oxidation  and  reduc- 
tion. Nitrite-nitrate  and  borate-nitrite  inhibitors  are  especially  suscepible  to  nitrite 
reducing  bacteria.  Upon  introduction  of  denitrifying  organisms  in  a  closed  sv'stem, 
reduction  of  nitrite  to  molecular  nitrogen  and  even  to  ammonia  may  occur.  Denitri- 
fication  occurs  under  anaerobic  conditions  involving  utilization  of  the  oxygen  con- 
tained in  the  nitrite.  For  the  denitrification  process  to  occur,  the  organisms  need  a 
carbon  source,  an  alkaline  environment,  and  reduced  oxygen.  All  of  these  conditions 
are  present  in  a  closed  water  system,  such  as  a  reclamation  and  recycle  plant. 
Introduction  of  these  microorganisms  via  air  or  raw  water  infiltration  into  a  main 
storage  tank  may  deplete  the  nitrite  inliibitor  if  it  is  not  treated.  Denitrif>'ing  bac- 
teria can  be  controlled  by  periodic  application  of  micro-biocidies  which  are  specific 
for  these  organisms;  however,  it  is  questionable  whether  the  treated  inhibitor,  once 
contaminated  by  the  bacteria,  would  be  suitable  for  reuse.  If  the  cost  of  cooling 
water  treatment  or  effluent  regulations  should  ever  dictate  the  need  for  recycling, 
it  is  evident  that  much  research  will  be  required  to  effectively  operate  a  reclamation 
system  for  nitrite-nitrate  and  borate-nitrite  inhibitors.  Perhaps  a  more  detailed 
analysis  of  the  specific  components  of  these  inhibitors  after  use,  reclamation  and 
recycle,  could  lead  to  a  more  specific  additixe  package  needed  to  restore  the  proper 
concentration. 

In  spite  of  the  above  questions  which  may  be  largely  academic  in  nature,  the 
railroad  industry  is  proceeding  with  the  development  of  full  scale  nitrite-nitrate 
recycling  installations  which  should  provide  good  data  and  more  insight  on  these 
systems.  Detailed  cost  data  for  nitrite-nitrate  and  borate-nitrite  recycling  s\-stems 
are  not  available  at  this  time  due  to  their  experimental  nature,  but  it  is  believed 
that  they  would  be  comparable  in  cost  range  to  chromate  systems. 

TREATMENT  PROCEDURES   FOR   DISPOSAL 

Chromate 

In  preparing  chromate  cooling  water  for  disposal  in  cit\-  sewers  or  discharge 
to  a  stream,  two  treatment  methods  ha\e  been  found  to  give  satisfactor>-  reduction 
of  chromate  levels.  These  are  the  reduction /precipitation  system  and  the  ion  exchange 
system. 


Environmental  Engineering         227 

The  retluction/precipitation  system  has  been  widely  vised  in  industry  to  control 
chromate  wastes.  The  chromium  exists  in  the  cooling  water  in  the  hexavalent  state 
and  when  treated  with  an  appropriate  reducing  agent  such  as  ferrous  sulfate,  sodium 
metalbisnlfite,  or  sulfur  dioxide,  it  is  reduced  to  the  trivalent  state.  Addition  of  lime 
results  in  the  precipitation  of  the  chromium  as  chromium  hydroxide.  These  reactions 
are  oudint  d  in  equations  (  1 )  and  ( 2 ) . 

1)  Cr^"  -  Fe*==  +  H*-^     Cr*^'  +  Fe^''  (or  SOr^') 

(or  SO. 
or  Na.S.On) 

2)  Cr'^  +  30H-   — >     Cr(OH):, 

At  a  pH  of  2.0  or  less,  reaction  (  1 )  occurs  almost  instantaneously. 

Each  of  the  reducing  agents  is  effective  but  the  iron  reducing  agent  (Fe*")  has 
the  disadvantage  of  requiring  an  excess  amount  which  results  in  a  large  quantity  of 
Fe  (OH):;  (ferric  hydroxide)  sludge  along  with  the  Cr(OH)n  (chromium  hydroxide) 
in  the  neutralization  step."  For  smaller  treatment  systems,  typical  of  railroad  installa- 
ations,  sodium  metabisulfite  seems  to  be  the  preferred  reagent.  Proper  engineering 
design  should  take  into  account  the  odor  and  corrosion  problems  associated  with 
any  of  these  reducing  agents. 

Chromate  based  cooling  water  can  also  be  treated  by  ion  exchange  in  which 
the  chromate  salt  is  recovered  and  the  water  is  reused.  The  recovery  of  the 
chromium  and  the  water  may  make  diis  system  feasible  for  railroad  installations 
although  no   railroad  is  known   to  be  using  ion  exchange  at  the  present  time. 

One  successful  process  involve  passing  the  chromate  wastewater  through  a 
wi'ak  base  anion  exchange  resin  in  the  sulfate  form.  The  chromate  (CrOj")  ion 
exchanges  with  the  sulfate  (SOr")  ion,  and  is  incorporated  into  the  resin.  Upon 
regeneration  of  the  bed  with  5%  sodium  hydroxide,  the  chromate  is  recovered  as  a 
mixture  of  sodium  chromate  (Na-CrOi)  and  sodium  dichromate.  ( NaaCr:..07 ) ." 

A  flow  diagram  showing  a  typical  continuous  countercurrent  ion  exchange  sys- 
tem is  shown  in  figure  two. 

While  there  has  been  considerable  publicity  given  to  recovery  of  chromate  by 
ion-exchange,  it  appears  that  most  of  this  work  was  done  in  open  cooling  systems 
where  the  chromate  concentrations  were  approximately  100  mg/1  compared  to  2,000 
plus  mg/1  in  a  locomotive.  To  apply  this  to  a  locomotive  system,  several  factors 
would  ha\e  to  be  considered. 

1 )  The  water  to  be  treated  must  be  free  of  oil  and  other  suspended  .solids. 

2 )  A  problem  may  exist  in  getting  the  reco\ered  chromate  back  into  a  usable  form. 
.3)    In  the   regeneration   process  caustic  and  acid  are  used  in  excess  to  insure  gcxid 

regeneration.   These   are   mixed   with    the   chromate,   and   although   neutralization 
is    possible,    the    resulting    water    has    high    concentrations    of    sodium    chloride 
(NaCl)    and   sodium   sulfate    (NA-SOi)    which   tend   to   increase  corrosion. 
4 )    Adecjuate   treatment   has   to  be   provided   for   the   wash   water. 

Nitrite-Nitrate,    Borate-Nitrite 

Treatment  for  m'trates  for  locomoti\e  cooling  water  is  both  limited  and  costly. 
None  of  the  railroads  surveyed  are  currently  pro\iding  disposal  treatment  for 
nitrates  although  two  were  in  the  initial  design  stages  of  a  nitrate  recycling  system. 
Three   standard   treatment   processes   could  be   applied  to   the   nitrate   laden   cooling 
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water.  These  are  the  aniinoniiini  stripping  process,  selective  ion  exchange  and 
biological  denitrification.  It  is  assumed  in  these  processes  that  most  of  die  nitrites 
will  have  been  converted  to  nitrates,  although  some  tests  indicate  that  die  rate  of 
conversion  of  nitrite  to  nitrate  is  not  as  high  in  a  locomotive  as  might  be  expected. 
The  application  of  the  ammonia  stripping  process  depends  upon  the  percentage 
of  the  nitrate  nitrogen  wliich  can  be  converted  to  ammonia  nitrogen.  The  treatment 
principle  involves  converting  the  annnonium  ions  to  ammonia  gas  and  then  strip- 
ping off  ammonia  gas  by  contacting  the  waste  widi  ammonia  free  air.  As  shown 
in  the  following  equation,  the  ammonium  ions  exist  in  equilibrium  with  ammonia 
and  hydrogen  ions:* 

3)   NH'4  =  NH3  +   H* 

If  the  pH  of  the  wastewater  is  raised  above  7.0,  tiie  equilibrimn  will  shift  to 
the  right  and  ammonia  gas  is  formed.  In  typical  operations,  the  pH  is  raised  above 
11  to  ensure  conversion  of  ammonium  ions  to  ammonia  gas,  which  is  then  liberated 
in  a  forced  air  stripping  column.  A  pilot  plant  study  indicated  diat  at  a  pH  of  11, 
a  24  ft.  high  tower  with  I/2  x  2"  packing  and  a  water  loading  of  2  GPM  per  square 
foot  will  give  an  ammonia  removal  rate  of  approximately  95%  with  an  air  supply 
of  400  cu.  ft.  per  gallon." 

There  are  certain  drawbacks  of  the  ammonia  stripping  process.  Some  of  dieni 
include: 

1 )  Labor  and  chemical  intensiveness, 

2)  Freezing  of  water  renders  the  tower  inoperable, 

3)  High  capital  costs, 

4)  Variability  of  treatment  costs  since  additional  air  is  required  to  remove  ammonia 
as  the   temperature  decreases    (about  800  ffVgal.   near  0°C), 

5)  Formation  of  calcium  carbonate  scale  in  the  tower. 

Anion  exchange  resins  have  now  been  developed  which  can  exchange  their 
hydroxyl  ions  for  anions,  such  as  nitrate.'''  As  with  other  ion  exchange  media,  the 
resins  eventually  exhaust  their  capacity  to  retain  the  exchanged  ions  and  nmst  be 
regenerated.  Pilot  plant  studies  making  use  of  a  commercial  resin  show  that  400 
bed  volumes  could  be  treated  prior  to  breakthrough  to  1  mg/1  ammonia  nitrogen. 
InHuent  ammonia  nitrogen  was  reported  to  vary  between  12  and  28  mg/1."  The 
resin  was  regenerated  with  a  salt  solution  estimated  to  be  0.5^  of  the  flow  treated. 

A  nitrate  specific  ion  exchange  resin  has  been  developed  which  incorporates 
selected  primary  amines  in  polystyrene."'  The  major  problem  in  ion  exchange  sys- 
tems has  been  developing  a  resin  which  is  nitrate  specific  over  the  odier  anions  in 
the  wastewater.  Presumably  in  locomotive  cooling  water  treatment  the  other  largest 
anion  of  concern  wovdd  be  chloride.  Much  research  is  being  done  on  ion  exchange 
media  and  it  will  only  be  economically  feasible  for  cooling  water  treatment  when 
a  highly  nitrate  selective  resin  is  developed.  It  has  been  estimated  that  ion  exchange 
alone  will  be  the  single  most  important  process  towards  achieving  a  goal  of  "zero 
discharge."'   Consequently   this  is  beconu'ng  an  area  of  intensive  research. 

Biological  denitrification  is  a  well  documented  biological  process  for  nitrogen 
removal  in  wastewater  and  could  be  an  efiective  treatment  for  locomotive  cooling 
water  where  ample  space  for  the  treatment  facilities  is  available.  In  this  process, 
the  nitrates  are  converted  anaerobically  to  nitrogen  gas.  The  denitrifiers  are  organ- 
isms utilizing  organic  sources  of  carbon  for  energy  and  growth.  Since  adeqtiate 
c"arbon   is   usually   not   available   in   a   locomotive  cooling  water  system,   an   external 
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source  would  have  to  be  applied.  Methanol  is  widely  used  for  this  purpose  in 
activated  sludge  plants  and  could  theoretically  be  applied  in  proper  proportions 
to  a  cooling  water  treatment  system.  Methanol  requirements  for  effective  denitrifi- 
cation  ha\'e  been  reported  by  several  researchers.  One  report  indicated  that  total 
methanol  requirements  would  consist  of:  1 )  that  needed  for  the  reduction  of  nitrate 
to  nitrogen  gas  calculated  as  1.9  mg/1  methanol  per  nig/1  NO:;,  2)  that  consumed 
by  the  presence  of  oxygen,  calculated  at  0.67  mg/1  of  methanol  per  mg/1  dissolved 
oxygen  and  3)  that  needed  to  satisfy  the  requirements  for  bacterial  growth,  esti- 
mated at  30%  in  addition  to  the  stoichiometrical  requirements  of  equations  6 )  and 
7)   below.'" 

4)  NO".  +  5/6  CH3OH   — >     1/2  N\,  +  5/6  CO.  +  7/6  H.O  +  OH 

5)  O.  -  2/3  CHaOH^    2/3  CO,  +  4/3  H2O 

When  nitrite  and  dissolved  oxygen  are  present  in  the  water  in  addition  to 
nitrate,  it  is  possible  to  predict  the  methanol  requirement  using  the  following 
empirically  derived  equation.* 

6)  Cm  =  2.47  X„  +   1.53  Xi  +   0.87  D„ 

where  Cm  =   Required  methanol  concentration,  mg/1 

Nfi     =   Initial  nitrate  nitrogen  concentration,  mg/I 
\i     =  Initial  nitrite  nitrogen  concentration,  mg/1 
Dm     =:   Initial  dissolved  oxygen  concentration,  mg/1 
In   order  to   effectively   apply   this   process   to   nitrate   based   locomotive  cooling 
\\  ater  the  maximum  nitrate  concentration,  flow  rates,  and  total  liquid  volume  would 
have  to   be  carefully  determined  in   order  to  adequately  size  denitrification  lagoons 
or  tanks  for  sufficient  detention  times.  Temperature  has  been  found  to  significantly 
affect    the    perfomiance    of    denitrification.    Unless    properly    considered    in    tlie 
system   design,   effluent   quality    (measured   in   terms   of  nitrate  in   the  effluent)   will 
deteriorate  at  low  temperatures.  For  example,  the  reactor  \olume  at  10° C  could  be 
three  times  the  size  of  tliat  required  at  20° C.  Much  data  on  removal  efficiencies  are 
available   and  it  is   suggested   that  the  designer  make  a  careful  search  of  reference 
material   to   determine  what  degree  of  nitrate  removal  can  be  expected  for  varying 
cooling  water  strengths. 

Borate    Removal 

Due  to  the  chemical  stability  of  boron  and  most  of  its  compounds,  simple 
physical  ^chemical  treatment  systems  for  compovmds  like  borates  are  not  possible. 
There  is  virtually  no  documented  evidence  of  an  economically  feasible  borate  treat- 
ment system  which  can  effectively  reduce  boron  in  water  below  1.0  mg/1. 

One  rather  expensive  boron  treatment  system  has  been  tried  with  limited 
success.  The  boron  was  removed  from  water  by  evaporation  and  condensation.*  It 
was  not  effective  in  reducing  boron  levels  below  1.0  mg/1  and  was  extremely  energy 
intensive.  In  one  instance,  e\aporation  of  a  wastewater  containing  21,000-22,000 
mg/1  of  boron  still  contained  50-80  mg/1  boron  in  the  condensed  vapor.  This 
\%'ater  was  then  passed  through  a  6  foot  colunm  containing  Raschig  contact  rings 
to  yield  a  water  with  2-3  mg/1  boron.''  This  process  is  not  economically  feasible 
however,   for  locomotive  cooling  water  at  this   time. 

CONCLUSIONS 

Unquestionably  a  great  potential  exists  for  the  recycling  of  all  kinds  of  loco- 
motive cooling  water.  This  potential  will  best  be  realized  as  railroad  technical  per- 
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sonnel  continue  to  work  closely  with  suppliers  to  develop  cost  effective,  recyclable 
rust  inhibitors  which  will  provide  the  pragmatic  solution  to  the  problem  of  loco- 
motive cooling  system  protection  as  well  as  the  problem  of  meeting  stringent  water 
quality  criteria. 

In  summary,  most  railroads  are  aware  of  the  problems  associated  with  loco- 
motive cooling  water,  particularly  the  chromium,  nitrogen  and  boron  discharge 
standards.  Due  to  the  large  number  of  chromate  recycling  systems  in  operation  on 
railroads,  it  is  obvious  that  these  systems  not  only  work  well,  but  are  becoming  more 
economically  feasible  to  operate.  The  nitrite-nitrate  systems  are  less  well  de\eloped 
and  their  feasibility  will  be  better  known  after  additional  operating  data  is  obtained 
and  analyzed.  Borate-nitrite  recycling  systems  are  similarly  less  well  known  and 
much  work  needs  to  be  done  to  determine  their  effectiveness. 
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Report   on   Assignment  7 

Noise  Pollution  Control 

FORWARD 

This  part  deals  with  the  various  technological  advances  being  made  and  the 
physical  modifications  being  implemented  to  attenuate  the  noise  or  unwanted  sound 
produced  from  all  aspects  of  railroad  operations. 

APPENDIX  B— DIRECTORY  OF  GOVERNMENTAL  AGENCIES 
RESPONSIBLE   FOR   NOISE   CONTROL 

United  States  Environmental  Agency 

Assistance  and  information  concerning  U.  S.  Go\emmental  Regulations  may 
be   secured  from   the  following   U.S.E.P.A.   Regional   Offices: 


REGION   I— Maine,   N.   H.,   Vt.,   Mass. 

R.  I.,  Conn. 
Noise  Representative 
J.F.K.  Building 
Room  2113 
Boston,  Mass.  02203 
Tele:    (617)   223-5708 


REGION  \T— X.  Mex.,  Okla.,  Ark.,  La. 
Tex. 

Noise  Representative 
First  International  Building 
1201  Elm  Street 
Dallas,  Tex.  75270 
Tele:   (214)  767-2742 


REGION  II— N.  Y.,  N.  J.,  P.  R.,  V.  I. 

Noise  Representative 
26  Federal  Plaza 
Room  907G 

New  York,  N.  Y.   10007 
Tele:    (212)    264-2109 

REGION    III— Pa.,    Md.,   Del.,   W.   Va. 

Va.,  D.  C. 
Noise  Representative 
Curtis   Building,   Room   225 
6th   and   Walnut  Streets 
Philadelphia,  Pa.   19106 
Tele:    (2l5)   59?-0118 


REGION  \1I— Xebr.,  Kan.,  Iowa,  Mo. 
Noise  Representative 
1735  Baltimore  Street 
Kansas  City,  Mo.  64108 
Tele:    (816)    374-3307 


REGION  Vni— Mont.,  N.  Dak.,  S.  Dak. 

Wyo.,   Utah,  Colo. 
Noise  Representative 
1860  Lincoln  Street 
Room  236 

Denver,  Colo.  80203 
Tele:   (303)  837-2221 


REGION  IV— N.  C,  S.  C,  Tenn.,  Ky. 

Miss.,  Ga.,  Fla.,  Ala. 
Noise  Representative 
354  Courtland  Street,  N.  E. 
Atlanta,  Ga.  30308 
Tele:  (404)  881-4861 

REGION  \'— Wise,  111.,  Mich.,  Ohio, 

Ind.,  Minn. 
Noise  Representative 
230  South  Dearborn 
Chicago,  111.  60604 
Tele:  (312)  353-2202 


REGION  I.X— Calif.,  Nev..  Ariz.,  Hawaii 

Noise  Representative 

215  Fremont   Street 

San  Francisco,  Calif.  94105 

Tele:    (415)   556-4606 


REGION  .\— Wash..  Oreg.,  Idaho,  Alas. 

Noise  Representative 

12(X)   Sixth   Avenue 

RcK)m  lie 

Seattle,  Wa.sh.   98101 

Tele:   (206)  442-1253 
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STATE  AGENCIES 

Assistance   and   information   conccrninj^  statt-   go\LTnmental  regulations   may   be 
secured  from  the  following  State  agencies: 


ALABAMA 

Air  Pollution  Control   Di\  ision 
645  South  McDonough  Street 
Montgomery,  Ala.  36130 
Tele:   (205)  832-6770 

ALASKA 

Dept.   of  EnvironnuMital   Conser\ation 

Pouch  "O" 

Juneau,   Alas.   99801 

Tele:    (907)  465-2605 

ARIZONA 

Arizona   Envir.    Health    Ser\  ice 
1740  West  Adams   Street 
Phoenix,  Ariz.  85007 
Tele:   (602)  271-^641 

ARKANSAS 

Does  not   have   state  noise  program 

CALIFORNIA 

California  Department  of  Health 
2151  Berkeley  Way;  Room  514 
Berkeley,  Calif.  94704 
Tele:    (415)    843-7900,   E.xt.   375 

COLORADO 

Colorado   Dept.   of  Health 
4210   East    lltli   Avenue 
Denver,  Colo.  80220 
Tele:    (303)  .320-8333 

CONNECTICUT 

Director,  Office  of  Noi.se  Control 
Dept.  of  Enxironmental  Protection 
165   Capitol   Avenue 
Hartford,  Conn.  06115 
Tele:    (203)    566-7494 

DELAWARE 

Director,    Division   of   Envir.    Control 
Dept.  of  Natural  Resources  and 

Environmental   Control 
P.  O.  Box  1401 
Dover,  Del.   19901 
Tele:    (302)    678-4791 

DISTRICT  OF  COLUMBIA 

Chief  of  Industrial   Hygiene  &  Noise 

Control    Division 
Dept.   of   Environmental   Service 
Environmental   Health   Admin. 
801   N.  Capital  Street,   N.  E  . 
Room  773 

Washington,  D.  C.  20002 
Tele:    (202)  724-4.3.58 


FLORIDA 

Fla.    Dept.   of   Environmental    Regulation 
Twin  Towers;  Room  273 
2600  Blairstone  Road 
Tallahas.see,  Fla.  30231 
Tele:    (904)    488-0300 

GEORCIA 

Special  Operations   Unit 

Division  of  Physical   Health 

Ga.   Dept.  of  Human  Resources 

Room  313-H 

47  Trinity  Avenue 

Atlanta,  Ga.  30304 

Tele:    (404)  656-4660 

HAWAII 

Hawaii   State   Department   of   Health 
Director,    Environmental   Health   Diw 
Post  Office  Box  3378 
Honolulu,  Hawaii  96801 
Tele:    (808)  548-2811 

IDAHO 

Dixision  of  Environmental  SeiA'. 
Idaho  Dept.  of  Health  &  Welfare 
State  House 
Boise,  Ida.  83702 
Tele:    (208)   377-7000 

ILLINOIS 

Manager,  Division  of  Land/Noise 
Pollution  Control 
2200  Churchill  Road 
Springfield,  111.  62706 
Tele:    (217)   549-6760 

INDIANA 

Indiana  State  Board  of  Health 
1.330  West  Michigan  Street 
Indianapolis,  Ind.  46206 
Tele:    (317)  6.3.3-0 100 

IOWA 

low.i  Dept.  of  Environmental  Quality 

Henry  A.   Wallace  Building 

9(K)  East  C;rand 

Des  Moines,  la.  50319 

Tele:   (515)  281-8887 

KANSAS 

Kansas   Dept.   of   Health    iv    Ku\  ironment 

Topeka,   Kans.  66620 

Tele:   (913)  862-9.360 
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KENTUCKY 

Division  of  Air  Pollution 

Dept.   of   Natural   Resources   and 

Environmental  Protection 
5th  Floor.  Capital  Plaza  Tower 
Frankfort,  Ky.  40601 
Tele:    (502)  564-3560 

LOUISIANA 

Administrator  of  Occupational  Health 

for  State  of  La. 
Division  of  Health 
P.  O.  Box  60630 
New  Orleans,  La.  70160 
Tele:    (504)    568-5140 

MAINE 

Division  of  Healtli  Engineering 
Department   of   Health    and    Welfare 
State  House 
Augusta,  Me.  04330 
Tele:   (207)  289-3826 

MARYLAND 

Head  of  Noise  Control  Section 

Bureau  of  Air  Quality  and  Noise  Control 

Enviromnental  Health  Admin. 

201  West  Preston  Street 

Baltimore,  Md.  21201 

Tele:    (301)  383-2410 

MASSACHUSETTS 

Associate   Air  Pollution   Control   Engr. 
Department   of   Environmental   Quality 

Engineering 
600  Washington  Street 
Boston,  Mass.   02111 
Tele:    (617)  727-2658 

MICHIGAN 

Michigan  Attorney  General's 

Environmental  Protection  Div. 
Law  Building 
525  West  Ottawa  Street 
Lansing,  Mich.  48913 
Tele:    (517)  373-1110 

MINNESOTA 

Chief  of  Noise  Section 

Minnesota  Pollution  Control  Agency 

19.35  West  County  Road  B-2 

Roseville,  Minn.  55113 

Tele:   (612)  296-7373 

MISSISSIPPI 

Governor's    Office    of    Natural    Resources 

and  Technology 
P.  O.  Bo.v  139 
Jackson,  Miss.  39205 
Tele:    (601)    .354-7575 


MISSOURI 

Noise  Representative 

Dept.   of  Natural  Resources 

P.  O.  Box  176 

Jefferson   Citv,   Mo.   65101 

Tele:    (314)   751-3241 

MONTANA 

Noise  Representative 

Dept.   ot  Health  and   Environmental 

Science 
Cogswell  Building 
Helena,  Mont.  .59601 
Tele:    (406)   587-3454 

NEBRASKA 

Noise  Representative 

Dept.   of  Environmental   Control 

P.  O.  Box  94653 

State  House  Station 

Lincoln,   Neb.   68509 

Tele:    (402)    471-2186 

NEVADA 

Chief,   Bureau   of  Environmental   Health 

201  Fall  Street 

Carson  City,  Nev.  89701 

Tele:   (702)  885-4670 

NEW  HAMPSHIRE 

Director 

Air  Pollution  Control  Agency 

Department  of  Health  6t  Welfare 

State  Laboratorv  Building,  Hazen  Drive 

Concord,  N.  H.' 03301 

Tele:    (603)  271-2281 

NEW  JERSEY 

Noise  Representati\e 

New  Jersey  Dept.  of  En\  ironmentai 

Protection 
380  Scotch  Road 
West  Trenton,  N.  J.  08628 
Tele:    (609)   292-7695 

NEW  MEXICO 

Does  not  ha\e  a  state   noise  program 

NEW  YORK 

Noise   Representative 

New    York  Dept.  of  En\  ironmentai 

Conservation 
50  Wolf  Road 
Albany,  N.  Y.  12233 
Tele:    (518)  457-1005 

NORTH  CAROLINA 

Noise   Representative 

North   Carolma   Dept.   of  Natural  and 

Economic  Resources 
P.  O.  Box  27687 
Raleigh.  N.  C.  27611 
Tele:   (919)  733-2857 
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NORTH  DAKOTA 

Chief,  Division  of  Engineering 
State  Department  of  Health 
12(X)  Missouri  A\enue 
Bismarck,  N.  Dak.  58505 
Tele:   (701)  224-2348 

OHIO 

Ohio  Environmental  Protection  Agency 
361  East  Broad  Street 
Columbus,  Ohio  43215 
Tele:    (614)   466-6116 

OKLAHOMA 

Cliief  Occupational   and   Radiological 

Health   Service 
State  Department  of  Health 
P.  O.  Box  53551 
Oklahoma  City,  Okla.  73152 
Tele:   (405)  271-5221 

OREGON 

Noise  Control   Division 

Oregon  Department  of  En\  ironmental 

Quality 
P.  O.  Box  1760 
Portland,  Ore.  97207 
Tele:    (503)   229-5989 

PENNSYLVANIA 

Does   not  have  a   state   noise   abatement 

program.   Contact: 
Pennsylvania   Dept.    of   En\ir()nmental 

Resources 
P.   O.   Box  2063 
Harrisburg,  Pa.  17120 
Tele:    (717)   787-1324 

RHODE  ISLAND 

Occupational  Health  Specialist 
Division  of  Occupational  Healtli 
Department   of    Health 
206  Health  Building 
Davis   Street 
Providence,   R.   I.  02903 
Tele:   (401)  277-2438 

SOUTH  CAROLINA 

Director,  Div.   of  Occupational   Hcahh 

South  Carolina  Dept.   of  Health   and 

Environmental  Control 
2600  Bull  Street 
Columbia,  S.  C.  29201 
Tele:    (803)  758-5422 

SOUTH  DAKOTA 

Noise  Representative 

Dept.    of    Environmental    Protection 

J.  Foss  Building 

"Pierre,  S.  Dak.  57501 

Tele:    (605)   224-3351 


TENNESSEE 

Division   of  Air   Pollution   Control 
Tennes.see  Dept.   of  Public  Health 
C2-2I2  Cordell  Hull  Bldg. 
Niishville,  Tenn.  37219 
Tele:   (615)  749-5681 

TEXAS 

Noise    Representative 

Division  of  Occupational   Health  and 

Rach'ation  Control 
Texas   Department  of  Health 
1100  West  49th  St. 
Austin,  Tex.  78256 
Tele:    (512)  458-7754 

UTAH 

Asst.    Deputy    Director   for 

Utali  Division  of  Health 

44  Medical  Drive 

Salt  Lake,  Ut.  84113 

Tele:    (801)  533-6734 

VERMONT 

Supervisory    Industrial    Hvgiene    Engr. 
Division  of  Occupational  Health 
Department  of  Health 
P.  O.   Box  607 
Barre,  Vt.  05641 
Tele:    (802)   476-3171 

MRCINIA 

Does    not    have   a    state   noise   abatement 

program.   Contact: 

Department  of  Health 

Commonwealth  of  Virginia 

109   CJovernor   Street 

Richmond,    Va.    23219 

Tele:    (804)  786-3563 

WEST  VIRGINIA 

Director  of  the  Bureau  of  Industrial 

Hygiene 
State   Deparhnent  of   Healtli 
State  Office  Bldg. 
1800  East  Washington  Street 
Charleston,  W.  Va.  25305 
Tele:   (304)  348-3526 

WISCONSIN 

Wisconsin  Dept.  of  Natural  Resources 
Noise  Specialist 
P.  O.  Box  7921 
Madison,  Wise.  53707 
Tele:    (608)    266-0151 

WASHINGTON 

Noise   Dept.   Coordinator  for  State 

State  Dept.  of  Ecology 

Olvmpia,  Wash.  98504 

Tele:    (206)    434-6867 

WYOMING 

Director 

Dept.  of  Environmental  0"<ilitv 

Hathavvav  Bldg. 

Cheyenne,  W>o.  82002 
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CANADIAN   FEDERAL   DEPARTMENT   OF  THE   ENVIRONMENT 

Assistance   and   information   concerning  Canadian   Federal   Governmental   Noise 
Control  Regulations  may  be  secured  from  the  following  offices: 


ATLANTIC 

Technical  Services 

Atlantic   Region 

Environmental  Protection  Service 

Environmental  Services 

Deparhnent  of  the  Environment 

515  Georgia  St. 

P.  O.  Box  2406 

Halifax,  N.  S.  B3J  3E4 

Tele:    (902)   426-6132 

NORTH  AND  WEST 

Air   Pollution   Control   Section 
Northwest  Region 
Environmental   Protection   Service 
Environmental  Services 
Department  of  the  Environment 
Room  901 

10025  Jasper  Avenue 
Edmonton,  Alta.  T5T  2X9 
Tele:    (403)   425-2270 

ONTARIO 

Federal  Activities  Branch 

Ontario  Region 

Environmental   Protection   Service 

Environmental  Services 

Department  of  the  Environment 

2nd  Floor 

135  St.   Clair  Avenue  West 

Toronto,  Ont.  M4V  IPS 

Tele:    (416)  96f^5639 

PACIFIC 

Federal  Activities 

Pacific  Region 

Environmental   Protection  Service 

Environmental  Services 

Department  of  the  Environment 

3rd   Floor 

Kapilana  100 

Park  Royal  South 

West  Vancouver, 

British   Columbia  V7T   1A2 

Tele:    (604)   666-6711 

QUEBEC 

Quebec  Region 

Environmental    Protection   Service 

Evironmental   Ser\ices 

Department  of  the  Environment 

5th  Floor 

2020  Universitv  Street 

Montreal,  Que.  H3B  2A5 

Tele:    (514)    28.3-6418 


PRINCE  EDWARD  ISLAND 

Air  and   Solid  Wastes   Division 
Environment  Protection  Service 
Department  of  the  Environment 
Government   of  Prince  Edward  Island 
Box   2000 

Charlottetown,  P.   E.   I.  CIA  7N8 
Tele:    (902)    892-3561 


QUEBEC 

Section   de  la  lutte  antibruit 
Service  de  I'environement   Ind. 
Service  de  la  protection 

de   I'environement 
Gouvemement  du  Quebec 
9310,  boul,  St.-Laurent 
Montreal,  Que.  H2N  1N4 
Tele:    (514)    87.3-3454 


SASKATCHEWAN 

Air  Pollution  Control  Branch 
Environmental  Protection  Service 
Department  of  the  Environment 
Government  of  Saskatchewan 
11th  Floor 

Saskatchewan   Power  Building 
Regina,  Sa.sk.  S4P  OR9 
Tele:    (306)    525-2114 


YUKON 

Government  of  the  Yukon  Territories 

Box  2703 

Wliitehor.se 

Yukon  Territories  YIA  2C6 

Tele:    (403)    667-5120 


OTTAWA 

En\ironmental   Protection   Service 
Department   of   the    En\ironment 
Ottawa,  Ont.  KIA  0H3 
Tele:    (613)    997-1763 


Environmental  Engineering 
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PROVINCIAL   AND   TERRITORIAL   GOVERNMENT   AGENCIES 

Assistance    and    information    concerning    Canadian    Provincial    and    Territorial 
Noise  Control   Regulations   may  be  secured  from  the  following  offices: 


ALBERTA 

Air   Quality   Control   Division   of 

Pollution  Control 
En\  ironmental  Protection  Service 
Department  of  the  Environment 
Co\ernment  of  Alberta 
10040— 1()4  Street 
Eilmonton,  Alta.  T5J  0Z6 
Tele:    (403)  427-5891 

BRITISH  COLUMBIA 

Pollution   Control   Branch 

Department  of  the  Environment 

(".ovemment  of  British   Columbia 

Parliament  Buildings 

\'ictoria,  B.  C. 

Tele:    (604)  387-5321 

MANITOBA 

Noise  Pollution  Control  Section 
Environment  Control  Branch 
Department  of  Mines 
Resources  and  Enxironmental 

Management 
Building  2,   Box  7 
139  Tuxedo  Avenue 
Winnipeg,  Man.  R3C  OV8 
Tele:    (204)    489-4511,  Ext.  250 

NEW  BRUNSWICK 

.\ir  Quality  Section 
Pollution  Control   Branch 
Department  of  the  Environment 
Covemment   of   New   Bnmswick 
Centennial  Building 
Bredericton,  N.   B.  E3B  5H1 
Tele:    (506)   453-2861 

NEWFOUNDLAND 

Environmental   Management  &  Control 
Depart,   of  Provincial   Affairs   and 

Environment 
Elizabeth  Towers 
F^Jizabeth  Avenue 

St.  John's,  Newfoundland  AlC  5T7 
Tele:   (709)  753-2140 

NORTHWEST  TERRITORIES 

Comnn'ssioner.   Covemment  of  the 

Northwest  Territories 
6th  Floor 

.Arthur  Laing  Building 
50th  Avenue  and  49th  Street 
Yellowknife.    Northwest   Territories 

XOE  IHO 
Tele:   (403)  873-7111 


NONA  SCOTIA 

Inspection  and  Monitoring  Branch 

Department  of  the  Environment 

Covemment  of  Nova  Scotia 

17th  Floor,  Bank  of  Montreal  Tower 

P.   O.  2107 

Halifax,  N.  S.  B3J  3B7 

Tele:   (902)  424-7796 

ONTARIO 

Noise  Pollution  Control  Section 
Pollution  Control  Planning  Branch 
Environmental  Assessment  and  Planning 

Division 
Ministry  of  the  Environment 
(Government  of  Ontario 
40  St.  Clair  Avenue  West 
7tli  Floor 

Toronto,  Ont.  M4V  1M2 
Tele:   (416)  96.5-1193 

QUEBEC 

Section  de  la  lutte  antibruit 

Service  de  I'enivronnement  industriel 

Service  de  la  protection 

de  I'environnement 
Ministere  des  affaires  municipales 

et  de  I'environnement 
Couvernement  de  Quebec 
9310  boul  St.  Laurent 
Montreal,  Que.  H2N  1N4 
Tele:   (514)  873-3454 

SASKATCHEWAN 

Air  Pollution  Control  Branch 
Environmental   Protection   Service 
Department  of  tlie  Environment 
Covemment  of  Saskatchewan 
11th  Floor 

Saskatchewan   Power  Building 
Regina,  Sask.  S4P  OR9 
Tele:   (306)  525-2114 

YUKON 

Commissioner 

Covemment  of  the  Yukon  Territories 

Box  2703 

Whitehorse, 

Yukon  Territories  YIA  2C6 

Tele:    (403)    667-5120 

PRINCE  EDWARD  ISLAND 

Air  and  Solid  Wastes  Division 
Environment  Protection  Ser\ice 
Department  of  the  Environment 
Co\(Mnmcnt  of  Prince  Edward   Island 
Box  2000 

Charlottetown,  P.E.I  CIA  7N8 
Tele:    (902)   892-3561 
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1. 5.  POSTAL  SER 


STATEMENT  OF  OWNERSHIP,  MANAGEMENT  AND  CIRCULATION 

(Rtquired  by  39  U.S.C  368S) 


nmpriran     Rai  Iway    Fnginppring    As  snr  .  Riill  pt  i  n  ll     I  7    17    I  Q    U    If)    I  Sept.    29.    1978 


A.  PUBLICATION   NO 


L  '  ^.-r...„.    Jan. -Feb. .  April-May, 

June-July,  Sept. -Oct.,  Nov. -Dec 


hi.  SUBSCRIPTION 


$10.00   S  S20.00 


4.  t-OCATiON  OF  KNOWN  OFFICE  OF  PUBLICATION  (Street,  City.  County,  8tat€  and  ZIP  Codm)  ffJot  printen) 

qq   Raqt   Van   Rurf^n   St.,    rhiragn,    TI.  6060.^ 


5.  LOCATION  OF  THE  HEAOOU 

)9  East  Van  Buren  St.,  Chicago,  IL  60605 


(  (Not  printert) 


NAMES  AND  CC 


LETE  ADDRESSES  OF  PUBLISHER,  EDITOR.  AND  MANAGING  EDITOR 


PUBLISHER  (Name  and  Addreu) 

American  Railway  Engineering  Association,  59  East  Van  Buren  St.,  Chicago,  IL  60605 

EDITOR  (Nome  and  Addnat) 

E.   W.   Hodgkins,    KxenitivR  nirprtnr,   ARKA,    S9  Rast  Van  Buren  St.,   Chicago,    IL  60605 

MANAGING  EDITOR  (Nome  and  Addrett) 

R.    S.    Ciiirafn,   Tprhniral    Assistant,    ARF.A,    ^9  Hast  Van  Buren  St.,   Chicago.    IL  60605 


7.  OWNER  (It  owned  by  a  corporation,  iti  name  and  addreti  muMt  be  ttated  and  alto  immediately  thereunder  the  namei  and  addret4e$  of  gtoek- 
holdert  owning  or  holding  1  percent  or  more  of  total  amount  of  atock.  If  not  owned  by  a  corporation,  the  namei  and  addreuei  of  the  individual 
ownert  mutt  be  given.  If  owned  by  a  parlnerwhlp  or  other  unincorporated  firm,  iti  name  and  addreit,  as  well  at  that  of  each  individual  must 
be  given,} 


American  Railway  Engineering  Association        59  East  Van  Buren  St..   Chicago.   IL  60605       j 


A  non-profit  association- -no  stock  holders. 


Administered  bv  voluntary  elected  officers  knd  directors  and  one  paid  executive  officer[. 


M.,  1977  3526  (Page  1) 


(See  instruclions  on  reverMl 


DIRECTORY 

CONSULTING    ENGINEERS 


FRANK  R.  WOOIFORD 

Engineering   Consultant— tellraodt 

24  Josepha  Ave. 

San  Francisco.  Co.  94132 

(415)  587-1569 

246  Seadrift   Rd. 

Stinson  Beach,  Ca.  94970 

(415)  86S-1555 


MODJESKI  AND  MASTERS 

Consulting  Englno^n 
FIXED    ft    MOVABLE    RAILROAD    BRIDGC5 

Design      •      Inspection  of  ConstnictlMi 

Machinery     •     Electrical  Woifc 

Inspection,  Maintenance,   Rating, 

Strengthening 

Rehabilitation     •     Reconstruction 

P.O.  BOX  2345 

HARRISBURG,   PA.   17105 


New  Orleans,  La. 
Poughkeepsie,  N.Y. 


Washington,  D.C. 
Chicago,  III. 


HAZELET  &  ERDAL 

G>nsulMng   Engineers 

Design  Investigations         Reports 

Fixed    and    Movable   Bridges 


150  So.   Wocker  Dr.,  Chicago,  III.  60606 
Louisville  Qncinnati 


® 


enviroDYne 
eriGineers 


222  Wetl  Adami  SI.    Chicago.  Illinois  eoeOS 

(312)263-0114 

A  Professional  Consulting  Services  Firm 

Transportation  •  Environmental 

Food  Engineerlng*Energy»  Civil/Sanitary 

Systems  Studies  and  Design 

oltices  In  principal  U.S.  cities 


WHITMAN,  REQUARDT 
&  ASSOCIATES 

Engineers  Consultants 

Complete  Engineering  Services 

BALTIMORE,  MARYLAND 


Railroads    •    Rapid  Transit 

Electric  Traction   Power 

Signals   and   Train   Control 

Communications    •    Substations 

Operations   Analysis   and   Simulation 

Power  Generation    •    Urban    Planning 

Gibbs  g  Hill,  Inc. 

ENGINEERS.  DESIGNERS.  CONSTRUCTORS 

393  S«v«nth  Avenue,  New  York,  N.Y.   10001 

A  Subsidiary  of  Drove  Corporation 
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Directory  of  Consulting  Engineers 


^Gannett  Fleming 
I^Cofddry  and  Carpenter ,  bK. 

Consulting  Engineers 

Railroad/Mass  Transit 

Bridges  •  Tunnels  •  Inspection 

Maintenance  Facilities 

Repair  Shops  •  Equipment 

Trackwork  •  Yards 

Environmental  Studies 

P.O.  Box  1963  •  Harrisburg.  PA  17105 

Regional  Offices  Located  in  14  Other  Cities 


HARDESTY  &  HANOVER 

Consultlne  Engineers 

BRIDGES   —  FIXED  and  MOVABLE 

HIGHWAYS  and  RAILWAYS 

SPECIAL  STRUCTURES 

Detlcn,  Inspection,  Vatuallen 

101   Park  Avenut  New  York,  N.Y.  10017 

Jersey  City.  N.J. 


SOROS  ASSOCIATES 

CONSULTING  ENGINEERS 


DESGN 
SUPERVISIOfM 


PORT  DEVELOPMENT 
BULK  HANDUNG  SYSTEMS 
OFFSHORE  TERMINALS 


(812)  B26  S70a     S75  LEXINGTON  AVE. 
TELEX  SSA353  NEW  YORK.  NY  1002S 

•423473  CABLE  BULKONSUCT 


SAN  FRANCISCO 


SANTIAGO 


DeLEUW 

GATHER 

De  l«uw,  Calher  •  C«inpmny 

Consulting  Engineer*  and  Planiwrs 

us  Wcsl  WACkn  Driie    •  CN.CA«o.  llWaU  (Mil 

SOSTOa 

Burr ALO 

World-Wide  coMulling  itnxti  in; 

HOUS-OX 

Highways   •  TrmiMit   •   Railrsad* 

LOS  ANCCLCS 

Industrial  FaciUtiM 

»E»  rOOK 

Water  and  Waste  Engincwia* 

"'-tSi^oico 

Environmcntel  and  Community  Planniilfl 

"aVh'.^C.OH    0    C 

SANCKC-K 

svONCr 

CLARK, DIETZ  -ENGINEERS,  INC. 

A  CRS  DESIGN  ASSOCIATES.  INC.  COMPANY 

211  Norm  Race  Street.  Urbana.  Illinois  618OI 

Services; 

Railroad  Relocallon,  Industrial  Wastes,  Foundations, 

Structures,  Bridges 

Otiices  in: 
Richmond.  IN 
Carljondale.  IL 
Memphis.  TN 
St,  Louis,  MO 
Chicago.  IL 
Sanlord.  FL 
Jackson,  MS 


[Birnms, 

Parsons  Brinckerhoff  CENTEC,  Inc. 
Railway  Consultants 

8224  Old  Courthouse  Road 

Vienna.  Virginia  22180  •  703-790-8040 

OnePenn  Plaza 

New  York.  New  York  1 0001  •  21 2-239-7900 

30  National  and  International  Offices 


Directory  of  Consulting  Engineers 
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SHANNON  &  WILSON,  INC. 

(K>UL/T10N  CONTROL 
INOUSTRIAl  FACILJTItS 

Qaotechnlcal  Consultants 

MAItINC  PACILITtES 

Soil  &  Rock  Mechanics  •  Seismic  Response 
Foundation  Engineering  •  Inslrun-entation 

f^fVlltONMEN1 
HIAIT>*  CAKi 
ENERGY 

Geology  &  Geophysics  •  Hydrogeologv  •  A-chaeology 

planning 

Seattle  •  Portland  •  San  Francisco 

r*forth 

Spokane  •  Fairbanks  •  St.  Louis  •  Houston 

fi*M  sufMrvition 
tToWiMtg 

ALFRED  BENESCH 

&  COMPANY 

/^5i§J^    Pittsburgh  Testing  Laboratory 

Vi?,    iU»  /W        50  Latjcratories  in  Principal  Cities 

CONSULTING   ENGINEERS 

233   NORTH  MICHIGAN  AVENUE 

^^StsM<^          Headquarters:  Pittsburgh,  Pennsylvania 

CHICAGO,   ILLINOIS   60601 

(412)  922-4000 

F.    A.     Ferrell 

Railroads  —  Highways  —  Airporis 

Bridges  —  Buildings  —  Subways 

Nationwidelnspection— Testing— Analysis 

Reports  —  Construction  Observation 

„ 

HOWARD  J.  BELLOWS 

■gvw^g^ 

ESTIMATING   CONSULTANT 

Engineers  Architects  Ranners 

FOR  TRACKWORK 

Booker  Associates,  Inc. 

Railroads   &   Rapid  Transit  Sysfems 

1139  Olive  St. 
St.  Louis,  Mo.  63101 

725   DALRYMPLE  ROAD 

343  Waller  Avenue 

Apt.   2-E 

Lexington,  Ky.  40504 

ATLANTA,   GA.   30328 

200  Warburton  Oaks  Dr. 

404-393-0390 

Washington,  D.C.  20022 

SVERDRUP  &  PARCEL  AND  ASSOCIATES,  INC. 

800  No.  Twelfth  Blvd.  •  St,   Louis.  Mo.  63101 

SPAULDING  ENGINEERING  CO. 

Boston  •  Charleston  •  Gainesville  •  Jacksonville 

Nashville  •  New  York  •  Phoenix  •  San  Francisco 

Seattle      •      Silver  Spring      •      Washinoton.  DC. 

CONSULTING  ENGINEERS 
MEMBER 

*    design 

AMERICAN  CONSULTING  ENGINEERS  COUNCIL 

*    planning 

•    construction 

1821    UNIVERSITY   AVENUE 

management 

ST.    PAUL,   MINNESOTA    55104 
PHONE   612/644-5676 

CONSULTING   ENGINEERS 
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HARRINGTON  &  CORTELYOU,  INC. 
Consulting  Engineers 


1004  Baltimore,  Kansas  City,  Mo.  64105 
Telephone:  816-421-8386 

RAILWAY  AND  HIGHWAY 

•  FIXED  AND  MOVABLE  BRIDGES  • 

•  Condition  Inspections 

•  Investigations  &  Reports 
•  Design,  Construction  Plans 

•  Contract  Documents 

•  Construction  Supervision 

•  Cost  Negotiations 


COLDER  ASSOCIATES 

ConsuUing    Geotechnical    Engineers 


Specialists  in 
Soil   Mechanics  —  Foundations 
Rock   Slope   &   Tunnel   Stability 
Construction   in   Soft  Ground 
Drainage  Design — Landslides 
Grade  Stability,  Subgrade  Stabilization 
Air   Photo    Interpretation 

10628  N.E.  38tti  Place,  Kirkland,  SeofHe,  Wo$h. 

5125   Peachtree   Road,   Atlanta,   Georgia 
224  W«tt  8th  Avenue,   Vancouver,   B.C.,  Canada 


! 

RAILROAD 
DESIGN  &  ELECTRIFICATION 

Planning     •     Design 
Construction  Management 


INTERNATIONAL  ENGINEERING 
COMPANY,  INC. 

220  MONTGOMERY  STREET 
SAN  FRANCISCO,  CALIFORNIA  94104 


.\.  J.  HENDRY.  INC. 


> 


CO.NSULTI.NG  ENCL\£ERS 


SIGNALS  •  COM/^UNICATIONS  •  AU10MATI0M  •  ELECTRIFICATION 
RAILROADS  •  RAIL  TRANSIT 


SUITE  1512  pio;;eer  BUiuirst; 

ST,    ?AUL,   MINNESOTA        55101 


(612)   222  2787 


BAKKE   KOPP    BALL0U4  UcFARLIN,  INC. 
CONSULTINO  ENGINEERS 


Bridges 
Special  &  Heavy  Structures 
Investigations  &  Reports 


7505  WEST  HIGHWAY  SEVEN 

ST.  LOUIS  PARK,  MINNESOTA 5S42B 

(612)  9334880 


WOLCHUK  and  MAYRBAURl 
CONSULTING  ENGINEERS 

RAILWAY  AND  HIGHWAY  BRIDGES 

SPECIAL  STRUCTURES 

DESIGN— INVESTIGATIONS— REPORTS 

432  PARK  AVE.  S.,  NEW  YORK,  NY  10016 
(212)   689-0220 


THOMAS  K.  DYER,  INC. 

Consu/fing  Engineers 

Railroads — Transit  Systems 
Track,  Signals,  Structures 

Invsttigotlon*  end  F*a«lblllly  Raportt 
Mflming,  Design,  Contract  Documents 

1  762    Massachusetts   Avenue 
Lexington,   Mass.   02173 


Get  the  maximum  ton  miles  out  of  your  track 

Rail 
Grinding 


Ballast 
Cleaning 


mtmttM 


Speno  Rail  Services,  Inc. 

An  Affiliate  of  Trans  Union  Corporation 

Clark  Street.  Box  309 

East  Syracuse,  New  York  13057 

lEC-Holden,  Ltd., 

8180  Cote  de  Liesse  Road. 

Montreal.  Canada  H4T  1G8 

Speno  Rail  Services,  Inc. 


ra 


One  of  99  TRASCO  inert  car  retarders 
installed  in  the  ConRail  Rutherford  class  yard 
atHarrisburg,  Pennsylvania. 


AFTER    14   YEARS   OF  TROUBLE    FREE 
OPERATION  TRASCO   AUTONOMIC   CAR 
RETARDERS  STILL  ON    DUTY    24    HOURS 
A   DAY 


Operating,  Signaling,  Maintenance  of  Way  ...  all 
agree  on  TRASCO  car  retarders  for  all-weather 
dependability;  simplicity  of  design  and  operation; 
economy  of  installation  and  maintenance. 


TRACK  SPECIALTIES  COMPANY 

18  SO.  SYLVAN  ROAD.  P.  O.   BOX   729 
WESTPORT,  CONNECTICUT  06880       203-226-3361 


YEARS  OF  RAILROAD  SERVICE 


RECEIVED 

MAR  2  0  1979 

^.  STALLMi^VFit 


American  Railway 

Engineering  Association— Bulletin 


Bulletin  671 
Proceedings  Vol.  80* 


January-February   1979 


CONTENTS 

Track    (5)    239 

Roadway  and  Ballast  ( 1 ) --  255 

Rail    (4)    257 

Clearances    (28)     269 

Buildings    (6)    271 

Economics  of  Plant,  Equipment  and  Operations  (16) 273 

Scales    (34) 275 

Steel  Structures    (15)    277 

Engineering  Records  and  Property  Accounting   (11)    279 

Yards  and  Terminals  (14) 283 

Concrete  Structures  and  Foundations  (8) 285 

Ties  and  Wood  Preservation   (3)    297 

Directory  of  Consulting  Engineers 302—1 


•Proceedings  Volume  80  (1979)  will  consist  of  AB£L\  Bulletins  669.  Scfvteinbcn- 
Octob«r  1978t  670,  November-December  1978;  671,  January-February  1979:  and  67o, 
June-July  1979  (Technical  Conference  Report  issue).  Blu»-oovered  Bulletin  o72,  April- 
May  1979   (the  Directory  issue),  is  not  a  part  of  the  Annual  Proceedingt  of  the  AsaociatioEi. 


BOARD  OF  DIRECTION 

1978-1979 

President 

W.  S.  AuTSKV,  Chief  Engineer,  Atchison,  Topeka  &  Santa  Fe  Railway,  80  £.  Jackson 
Blvd.,  Chicago,  TL  60604 

Vice  Presidents 

L.  A.  DxxaHAM,  Jr.,  Chief  Engineer,  Norfoljt  &  Western  Railway,  8  N.  Jefferson  St., 
Roanoice,  VA  24042 

lifrr^  RouGAS,  Chief  Engineer,  Bessemer  &  Lake  Erie  Railroad,  P.  O.  Box  471,  Green- 
ville, PA  1612S 

Past  Presidents 
John  Fox^  Chief  Engineer,  Canadian  Pacific  Rail,  Windsor  Station,  Montreal,  PQ  H3C 
3E4 

B.  J.  WoKLEY,  Vice  President — Chief  Engineer,  Chicago,  Milwaukee,  St.  Paul  &  Pacific 

Railroad,  Union  Station,  Room  898,  Chicago,  IL  60606 

Directors 

J.  W.  Brent,  Chief  Engineer,  Chessie  System,  P.  O.  Box  1800,  Huntington,  WV  25718 
L.  F.  CxjaMER,  Engineer — Structures,  Louisville  &  Nashville  Railroad,  P.  O.  Box  32290, 

Louisville,  KY  40232 
T.   L.   Fuller,   Engineer  of   Bridges,  Southern  Pacific  Transportation  Comptany,  One 

Market  Plaza,  San  Frandsoo,  CA  94105 
J.  A.  Barnes,  Assistant  Vice  President  and  Chief  Engineer,  Chicago  &  North  Western 

TranqMitation  Company,  500  W.  Madison  St.,  Chicago,  IL  60606 
R.  F.  Beck,  Chief  Engineer,  Elgin,  Joliet  &  Eastern  Railway,  P.  O.  Box  880,  Joliet,  IL 

60434 

D.  J.  Bertel,  Chief  Engineer — Maintenance,  Missouri  Pacific  Railroad,  210  N.  13th 
St.,  St.  Louis,  MO  63103 

C.  E.  Webb,  Asastant  Vice  President — Engineering  and  Research,  Southern  Railway 

Company,  P.  O.  Box   1808,  Washington,  DC  20013 

J.  T.  Sullivan,  Chief  Engineer — Design  and  Construction,  CoDS<^idated  Rail  Corpora- 
tion, 1528  Wahiut  St,  Philadelphia,  PA  19102 

G.  A.  Van  de  Water,  Chief  Engineer,  Canadian  National  Rail,  P.  O.  Box  8100,  Mon- 
treal, PQ  H3C  3N4 

W.  D.  Slater,  18  W.  Bayberry  Rd.,  Glenmont,  NY  12077 

N.  E.  SuiTH,  Assistant  Chief  Engineer — Maintenance,  Chicago,  Milwaukee,  St.  Paul  ft 
Pacific  Railroad,  Union  Station,  Room  898,  Chicago,  IL  60606 

R.  E.  EUacke,  District  Engineer,  Union  Pacific  Railroad,  724  Pittocic  Bldg.,  Portland, 
OR  97205 

Treasurer 
A.  B.  HiLLiiAN,  Jr.,  Chief  Engineer,  Belt  Railway  of  Chicago,  6900  S.  Central  Ave., 

Chicago,  IL  60638 

Executive  Director 

E.  W.  HoDGKiNS,  59  E.  Van  Buren  St.,  Chicago,  IL  60605 

Acting  Executive  Director 
LoxTis  T.  Cerny,  59  E.  Van  Buren  St.,  Chicago,  IL  60605 

Technical  Assistant 
R.  S.  GroRATO,  59  E.  Van  Buren  St.,  Chicago,  IL  60605 

Published   by    the   American    Railway    Engineering    Associati.in,    Bi-Monthly,    January-Fd»niKy,    April- 
May,  Joae-July,  September-October  and  November-December,  at 
59  East  Van  Buren  Street,  OUcsgo,  m.  60605 

Second  class  postage  at  Chicago,  111.,  and  at   idfl<lonaI  toifltng  affio« 
Subscriptfon  $20  per  annom 

Copyright  ©  1979 

AmxicAN  Railway  Encineemno  Association 

All  rights  resnred. 

No  part  of  this  publication  may  be  reproduced,  stored  in  aa  informatioQ  or  data  retrieval 
system,  or  transmitted,  in  any  form,  or  by  any  means — electronic,  mechanical,  photoeopying 
recording,   or   otherwiM — without   the  prior   written   permissioa   of   the  pnbUsfaer. 


AMERICAN  RAILWAY  ENGINEERING 
ASSOCIATION 

BULLETIN  671 

JANUARY-FEBRUARY  1979 
PROCEEDINGS  VOLUME  80   (1979) 


Published   by  the 

AMERICAN   RAILWAY   ENGINEERING  ASSOCIATION 

59   East  Van   Buren   Street 

Chicago,   Illinois  60605 


Published     five     times     per     year:     January-February,     April-May,     June-July, 
September— Oetober  and   Xo\ember— Deeember. 


Subscription  S20  per  annum. 


Copyright  ©  1979 

by  the 

American*  Railway  Engineering  Association 


All  rights  reser\ed. 
No  part  of  this  publication  may  be  reproduced,  stored  in  an  information  or  data 
retrieval  system,  or  transmitted,  in  any  form,  or  by  any  means — electronic,  mechanical, 
photocopying,   recording,  or  otherwise — without  the  prior  written  pemiission  of  the 
publisher. 


Second  class  postage  at  Chicago,  Illinois,  and  at  additional  mailing  offices. 


The  American  Railw  a\-  Engineering  Association  is  not  responsible  for  an\   state- 
ment made  or  opinion  expressed  in  authored  papers. 


Printed  in  the  United  States  of  .Xmerica 


Report  of   Committee   5 — Track 


^^^^ 

J.  O.  Born 

G.  H.  Maxwell 

^^fl^^^^x 

S.  W.  Brunner 

C.  J.  McConaughy  (E) 

■  ^I^Bi^^^ 

J.  E.  Campbell 

M.  E.  McGlNLEY 

^f"         ^^^K 

N.  H.  Clark 

L.  P.  McKenna 

■                 ^H 

R.  E.  Clemons 

B.  C.  Mohl 

^bter  -<2^V^V 

C.   M.  COWLES 

R.  R.  Morrish 

^Kff  '^^*T«k 

E.  D.  Cowlin  (E) 

T.  C.  Netherton 

r  ''•        —     ^ 

W.  G.  Crone 

H.  W.  Newell  HI 

w£^^- 

D.  E.  Crouser 

W.   B.  O'SULLIVAN 

D.  R.  Davis 

B.  E.  Pearson 

v^^^^  ^B^'A 

W.   B.   DWINNELL 

L.  A.  Pelton 

^i^^  Jmw  ^^ 

A.  G.  Ellefson 

R.  V.  Perrone 

^t/t^r       ^^^k 

E.  R.  English 

C.  E.  Peterson  (E) 

^^  3k           ^^^^M 

E.  E.  Frank 

S.  H.  POORE  (E) 

0$M 

C.   R.   FULGHUM 

L.  E.  Porter 

R.  G.  Garland 

B.  Post 

C.  H.  Gaut 

L.  L.  Rekuch 

S.  W.  George 

E.  C.  Rudolph 

J.  R.  Masters, 

C.  A.  Gerstner 

J.  M.  Salmon  (E) 

Chairman 

P.  E.  GOHDENIER 

R.  N.  Schmidt 

R.  J.  Jones. 

E.  p.  Hatten 

N.  J.  Skoutelas 

Vice  Chairman 

L.  R.  Hall 

H.  E.  Storey 

C.  W.  Morrison, 

W.  R.  Hamilton,  Jr. 

S.  K.  Talukder 

Secretary 

R.  J.  Hardenbergh 

L.  L.  Tameling 

A.    J.    SCHAVET 

J.  R.  Harris 

E.  H.  Taylor 

E.  F.   PiTTMAN 

E.  E.  Howard 

R.  L.  Teeter 

R.  E.  Ki'STON 

J.  D.  Jardine 

R.  E.  Tew 

V.   M.   SCHWING 

b.  L.  Jerman 

A.  C.  Trimble 

L.  C.  Kerns 

R.  A.  Kendall 

A.  F.  Ubaldi 

G.  E.  Fischer 

A.  D.  Kerr 

K.  H.  VON  Kampen  (E) 

R.  C.  HrsTON 

C.  N.  King 

W.  J.  Wanamaker 

A.  B.  HiLLMAN,  Jr. 

G.  G.  Knupp 

M.  E.  Wilson 

C.  W.  Alexander 

M.  P.  Kornspan 

E.  R.  Wiltt; 

R.  W.  Anderson 

A.  J.  KOZAK 

A.  M.  Zarembski 

C.  D.  Archibald 

E.  S.  Laws 

A.  J.  ZlEROW 

R.  C.  Arnlvnd 

J.  M.  Letro 

Committee 

( E )    Member  Emeritus. 

Those   whose   names   are   shown  in  boldface,   in   addition  to  the   chairman   and  vice  chairman, 
are  the  subcommittee  chainnen. 


To  the  American  Railway  Engineering  Association: 

Your  committee  reports  on  the  following  subjects: 

B.   Rt\ision  of  Manual. 

Procress  report,  submitted  as  information. 

2.  Track  Tools. 

Progress  report,  submitted  as  information. 

3.  Revision  of  Portfolio  of  Trackvvork  Plans  and  Specifications,  collaborat- 
inji  as  necessary  or  desirable  with  the  AAR  Mechanical  Division  and 
Communications  and  Sijjnal  Section. 

Proj^ress  report  of  Ad-Hoc  Subcommittee  on  Hc\  isioii  of  Appendi.\  "A" 
of  the  AREA  Portfolio  of  Trackvvork  plans.  Sec  .Manual  Recommenda- 
tions published  in  Part  1  of  the  November-December  1978,  Bulletin 
670. 
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4.  Track  design,  collaborating  as  necessary  or  desirable  with  Committees 
1,  3  and  4. 

(a)  Bridge  expansion  joints — Type,  location  and  necessity. 

(b)  Tie  plates,  including  pads  under  plates. 

1.  Evaluate  canted  tie  plate  design  relative  to  1:20  cant  vs.  1:40 
cant  vs.  1:14  cant  vs.  1:30  cant. 

2.  Evaluate  tunnel  and/or  transit  type  tie  plates. 

(c)  Hold-down  fastenings: 

1.  Wood  ties. 

2.  Concrete  ties. 

3.  Direct  fixation  fasteners. 
Progress  report,  submitted  as  information. 

5.  Turnout  and  crossing  design,   collaborating  as  necessary  or  desirable 
with  Committees  1,  3  and  4. 

(a)  Types  of  crossing  frogs  in  use  as  related  to  speed,  tonnage,  etc., 
completed.  See  Bulletin  670,  November-December  1978. 

(b)  Review  of  guard  rails  protecting  turnout  frogs. 

(c)  Review  tolerances  on  Plans  1010  and  1011. 
Progress  report,  submitted  as  information. 

6.  Track  construction,  collaborating  as  necessary  or  desirable  with  Com- 
mittees 1,  3,  4  and  22. 

(a)  Review   specifications    for   track   construction. 

(b)  Review   recommendations   on   joint   spacing — centers   vs.   quarters. 
No  report. 

7.  Track  maintenance,  collaborating  as  necessary  or  desirable  with  Com- 
mittees 1,  3,  4  and  22. 

( a )  Laying  of  continuous  welded  rail. 

(b)  Maintenance  of  continuous  welded  rail. 

(c)  CWR  field  handbook. 

(d)  Modem    methods    of   heat    treating    carbon    steel    trackwork    and 
repairing  such  trackwork  by  welding. 

(e)  Review  specification  for  welding  manganese  castings. 
Progress  report,  submitted  as  information. 

8.  Criteria  for  track  geometry  design  as  related  to  modem  equipment, 
collaborating  as  necessary  or  desirable  wath  other  AREA  technical  com- 
mittees, and  with  the  Engineering,  Mechanical  and  Operating-Trans- 
portation Divisions,  AAR. 

(a)   Special   requirements   of   track  construction   and  maintenance   due 

to  operation  of  modern  equipment. 

See  Part  1,  Bulletin  670,  Noxember-Docembor  1978.  page  187 
for  manual  recommendations  covering  "Minimum  tangent  lengths 
required  between  reverse  curves  for  yard  operations,  with  no  spirals 
and  no  superelevation." 
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liiUiam  Cbcrett  Cornell 
1896=1977 

W.  E.  (Bill)  Cornell,  Engineer  of  Track,  N.Y.C.  &  St.  L.  R.R.,  died  at  Rocky 
River,  Ohio  on  April  18,  1977.  He  is  survived  by  his  wife,  Helen,  and  four 
grandchildren. 

Mr.  Cornell  was  born  Septeml^er  2,  1897  in  Fountain,  Indiana  where  he 
attended  local  schools  before  going  on  to  further  studies  at  Valparaiso  Univer- 
sity*. He  joined  the  engineering  department  of  the  N.Y.C.  &  St.  L.  R.R.  in  1917 
and  remained  with  that  railroad  until  his  retirement  in  1964,  after  which  he 
remained  active  as  a  consultant  on   railroad  constixiction  and  maintenance. 

Mr.  Cornell  joined  AREA  in  1935  and  was  an  active  and  enthusiastic  mem- 
ber of  Committee  5  from  1941  until  his  death.  He  served  as  committee  chairman 
1956-1958.  He  was  also  a  member  of  Committees  22  and  31  for  several  years. 

His  wise  counsel  and  friendly  demeanor  will  be  greatly  missed  by  his  fellow 
Association  members. 


Xatorencc  ^.  5cnto(t 
1897=1978 

Lawrence  (Larry)  H.  Jentoft,  retired  Assistant  Chief  Engineer  Maintenance, 
Erie-Lackawanna  Railroad,  died  on  June  14,  1978  in  Minneapolis,  Minnesota  at 
the  age  of  80.  He  is  survived  by  his  daughter  and  three  grandchildren. 

Mr.  Jentoft  was  bom  December  6,  1897  in  Buffalo,  New  York,  and  was  a 
graduate  civil  engineer  from  Tri-State  College.  He  began  work  for  the  Erie  in 
Rochester.  New  York  as  a  transitman  in  1923.  He  advanced  to  positions  of  greater 
responsibility'  within  the  engineering  and  maintenance  departments  on  the  Erie 
and  later  on  the  Erie-Lackawanna  as  division  engineer  at  Homell,  New  York,  and 
engineer  maintenance  of  way.  In  1958,  he  was  promoted  to  assistant  chief  engi- 
neer maintenance,  which  position  he  held  until  his  retirement  from  railroad  serv- 
ice, December  31,   1962. 

Mr.  Jentoft  joined  the  American  Railway  Engineering  Association  in  1935 
and  became  a  Life  Memloer  on  January  2,  1963,  upon  his  retirement  from  railroad 
service.  He  was  a  member  of  Committee  5  from  1955  until  his  death,  ha\ing 
l>een  eU'cted  Member  Emeritus  in  1967.  He  also  had  ser\ed  as  Chairman  of  Sub- 
committee 9,  rendering  outstanding  service  on  that  assignment  during  the  period 
in  which  the  test  train  was  oj^rated  to  detemiine  the  proper  length  of  spirals  for 
curves.  He  also  served  as  Committee  No.  5  collaborator  with  many  other  ARE.\ 
committees. 

Mr.  Jentoft  was  also  a  Life  Mcmlier  of  the  Roadmasters  and  Maintenance  of 
Way  Association  of  America  having  joined  that  organization  in  1958.  He  was  a 
registered  professional  engineer  in   the  states  of  Indiana  and   New  York. 

He  maintained  an  active  interest  in  railway  engineering  throughout  his  retire- 
ment period  as  well  as  his  working  years.  After  retirement,  he  was  also  associated 
with  the  L.  B.  Foster  Company.  His  advice  and  coun.sel  will  be  greatly  missed 
by  his  fellow  Association  members. 
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Report   on   Assignment   B 
Develop  Specifications  for  Rail  Anchors 

A.  J.  ScHAVET  (Chainnan  Subcommittee),  J.  O.  Born,  E.  R.  English,  A.  B.  Hill- 
man,  Jr.,  D.  L.  Jerman,  L.  C.  Kerns,  W.  B.  O'Sullivan,  L.  A.  Pelton, 
V.  M.  ScHwiNG,  S.  K.  Talukder,  W.  J.  Wanamaker. 

This  committee  is  working  with  various  rail  anchor  manufacturers  in  an  effort 
to  develop  a  specification  covering  the  manufacture  and  quality  control  of  con- 
ventional drive  on  and  spring  type  rail  anchors.  It  is  expected  that  a  preliminary 
specification   will   be   prepared   and   submitted  for   manual  material  next  year. 

Report   on   Assignment   2 
Specifications  and  Plans  for  Track  Tools 

E.  F.  Pittman  (chairman,  subcommittee),  G.  E.  Fisher,  R.  G.  Garland,  R.  G. 
Huston,  J.  M.  Letro,  T.  C.  Netherton,  H.  W.  Newell,  B.  Post,  L.  L. 
Rekuch,  R.  L.  Teeter. 

This  Committee  has  worked  diligently  with  Steel  Companies  and  Tool  Manu- 
facturers in  an  effort  to  de^'elop  new  designs  and  specifications  for  Track  Tools. 
The  following  is  the  result  of  the  Committee's  work  and  is  presented  as  informa- 
tion and  as  a  supplement  to  the  report  published  in  the  American  Railway  Engi- 
neering Association — Bulletin  No.  666,  PP  209,  dated  January-February  1978.  A 
letter  ballot  will  be  sent  to  the  full  Committee  for  approval-disapproval  and  com- 
ments  in   the  near  future. 

PRELIMINARY 


Specifications  and  Plans  for  Track  Tools 
General 

1.0  WORKMANSHIP 

1.1  The   steel   used   in   the   manufacture   of   all   tools   shall   be   free   from   pipe, 
porous   centers,   gross   non-metallic  inclusions  or  any  other  defects. 

1.2  All  tools  shall  be  made  in  a  workmanlike  manner  and  shall  be  free  from 
cracks,  seams,  laps  and  other  injurious  discontinuities. 

1.3  Eyes  of  tools  with  handle  holes  must  be  on  center  and  in  true  alignment. 

2.0  FINISH 

2.1  Percussion  Tools 

The   body   of   the   tools   shall   be   unpainted.   Ground   working  surfaces   can 
be  coated  with  a  transparent  lacquer  type  rust  preventati\e. 
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2.2  Non-Percussion  Tools 

The  botly  of  the  tool  shall  be  coated  with  paint,  i)il  or  \aini.sh  to  prevent 
corrosion,  and  each  polished  cutting  edge  shall  be  oiled  or  coated  with  a 
clear  lacquer. 

3.0  MARKING 

Each  tool  shall  be  legibly  marked  with  the  manufacturer's  name  or  trade- 
mark, coded  as  to  production  lot  and  the  purchaser's  initials.  This  identifi- 
cation shall  be  located  in  a  position  which  will  not  interfere  with  the  quality 
or  performance  of  the  tool  and  will  not  be  removed  by  subsequent  redressing. 

4.0  INSPECTION 

4.1  The  inspector  representing  the  purchaser  shall  have  free  entry,  at  all  times 
while  the  work  on  the  contract  of  the  purchases  is  being  performed,  to 
all  parts  of  the  manufacturer's  works  which  concern  the  manufacture  of 
the  material  ordered.  The  manufacturer  shall  afford  the  inspector  free 
of  charge,  all  reasonable  facilities  and  necessary  assistance  to  satisfy  him 
that  the  material  is  being  furnished  in  accordance  with  these  specifica- 
tions. Tests  and  inspections  shall  be  made  prior  to  shipment  at  the  place 
of   manufacture   unless   otherwise   specified. 

4.2  The  purchaser  may  make  tests  to  govern  the  acceptance  or  rejection  of 
the  material  in  his  own  laboratory  or  elsewhere.  Such  tests  shall  be  made 
at  the  expense  of  the  purchaser. 

4.3  Rejection — Material  represented  by  samples  wliich  fail  to  conform  to  the 
requirements   of  these  specifications  will  be  rejected. 

4.4  Material  which,  subsequent  to  test  and  inspection  at  the  manufacturer's 
plant  or  elsewhere,  and  the  acceptance  shows  injurious  defects  will  be  re- 
jected and  the  manufacturer  shall  be  notified. 

5.0  SHIPMENT  OR  DELIVERY 

Tools  shall  be  properly  packed  for  shipment  to  a\oid  damage.  All  bundles 
and  boxes  shall  be  plainly  marked  with  the  name  of  the  purchaser,  purchaser's 
order  number,  the  name  of  the  manufacturer,  and  the  point  of  shipment. 

6.0  WARRANTY 

The  manufacturer  shall  warrant  that  all  tools  are  free  from  defects  in  material 

workmanship  and  heat  treatment,   that  the  tools  meet  all  requirements  of  this 

specification,    and    that  any    defective   tools    will    be    replaced    free    of   cost   to 

the  purchaser.  Certified  test  reports  may  be  requested  at  the  purchaser's  option. 

PERCUSSION   TOOLS 

7.0  SCOPE 

7.1  This  section  of  specification  covers  the  contouring  and  metallurgical 
requirements  for  the  manufacturing,  ordering,  inspection  and  acceptance 
of  the  following  percussion  tools. 
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7.1.1  Metal  to  Metal  Contact  Striking  Tools 

Double-faced  sledge  hammers   (Plan  Xo.   13-62).  Spike  Maul   (Plan 
No.  3-62). 

7.1.2  Metal  to  Metal  Contact  Struck  Tools 

Track  chisels   (Plan  Xo.  17-62),  nut-cutter  (Plan  Xo.  3.5-77),  round 
track  punch  (Plan  No.  19-62),  Track  Spike  Lifter  (Plan  Xo.  32-62). 

8.0  MANUFACTURE 

8.1  Process — The   shock   resisting    steel    shall   be   made   from   electric   furnace, 
vacuum  degassed  carbon  deoxidized  special  quality  fine  grain  size  alloy  bar. 

8.2  Heat  Treatment 

8.2.1  Each  tool  classified  in  7.1.1  and  7.1.2  shall  be  hardened  by  liquid 
quenching  and  subsequent  tempering  in  such  a  manner  that  the 
hardness  range  specified  in  8.3.2  will  be  maintained  throughout  the 
entire  section  normally  removed  by  redressing  and/or  to  a  sufiicient 
depth  to  absorb  the  normal  working  stresses.  This  heat  treatment 
shall  be  such  that  a  fracture  test  of  the  tool  will  exhibit  a  silky, 
fine  grained  appearance  according  to  Shephard  Standard  Xo.  6  or 
finer. 

8.2.2  All  tools  to  be  redressed  without  subsequent  heat  treatment  shall 
be  initially  heat  treated  so  that  tlie  hardness  specified  in  8.3.2  is 
maintained  to  a  depth  from  the  end  not  less  than  the  a\erage  cross 
sectional   thickness   up  to  a   maximum   of  one  inch. 

8.3  Chemical  and  Hardness  Requirements 

8.3.1  All  striking  and  struck  tools  (7.1.1  and  7.1.2)  shall  be  made  of 
shock  resisting  steel  of  Grade  A  or  Grade  B  chemical  composition 
with  Standard  AISI  residuals. 


Grade 

Carbon 

Kanganese 

Phos 
ph.i  e  -^S 

Sul- 
fur 

Silicon 

VanadiaT. 

Molyb- 
denu.-a 

;-.in 

j;ax 

r'.in 

l.-.a.v 

r.ax 

:..ax 

;':in 

."■'.ax 

;.:in 

.".ax 

i-,:n 

.'•ax 

,   I  ....■ 

.^'i 

^7^ 

l^m 

.0:5 

.o'S 

1,°0 

2,?0 

1' 

_c.i, 

.6!i 

.7=; 

1.0^ 

.c?? 

.oc? 

1.30 

2,20 

.hS 

.3^ 

.50 

8.3.2  Hardness — All  hardness  tests  shall  be  performed  according  to  ASTM 
Spec.  E-18.  Fre(iuency  of  testing  should  be  performed  according  to 
the  requirements  in  M1L-STD-105D,  "Militar>-  Standard — Sampling 
Procedure  and  Tables  for  Inspection  by  Attributes." 

8.3.2.1  All  struck  surfaces  shall  be  45/49  Rockwell  "C"  hardness. 

8.3.2.2  All  striking  surfaces  shall  Ix'  52/56  Rockwell  "C"  hardness. 

8.3.2.3  All  cutting  surfaces  shall  be  56/60  Rockwell  "'C"  hardness. 

8.3.2.4  All   punch  ends  shall  be  52  56  Rock-well  "C"*  hardness. 
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8.4  Hardenability 

8.4.1  Grade  A  Steel — Composition  of  the  steel  shall  be  such  that  in  the 
standard  Jominy  test  the  hardness  is  greater  than  40  Rockwell  C 
at  6/16  in.   from   the  quenched  end  of  the  specimen. 

8.4.2  Grade  B  Steel — Composition  of  the  steel  shall  be  such  that  in  the 
standard  Jominy  test  the  hardness  is  greater  than  50  Rockwell  C  at 
8/16  in.  from  the  quenched  end  of  the  specimen 

8.4.3  Frequency  of  Testing — The  steel  manufacturer  sliall  have  conducted 
a  Jominy  test  from  the  first,  middle,  and  last  ingot  of  each  heat  of 
steel  purchased. 

8.5  Microscopic  Inclusion  Evaluation 

8.5.1  Grade  A  and  B  steel  shall  meet  the  following  requirements  for 
inclusions. 

8.5.2  Test  Specimen — Specimens  shall  be  prepared  from  approximatel\- 
4  in.  (100-mm)  forged,  square  section  taken  from  the  top  and  bot- 
tom of  the  first,  middle  and  last  ingot.  The  specimen  shall  be  %  by 
%  in.  (9.5  by  19  mm)  and  shall  be  taken  from  an  area  midway  be- 
tween the  center  and  outside  of  the  test  section.  Procedures  outlined 
in  Methods  E  45  shall  be  followed. 

8.5.3  Examination  and  Limits — Specimens  shall  be  examined  in  accord- 
ance with  Method  E  45,  Method  D,  using  the  modified  JK  Chart, 
Fig.  12  of  Plate  III.  The  worst  field  in  any  specimen  shall  not  ex- 
ceed  the  following  limits: 

A  B  C  D 


Thin  3.0  3.0  2.5  2.0 

Thick  2.0  2.5  1.5  1.5 


8.6  Nondestructive  Test  Requirements 

8.6.1  To  insure  that  all  tools  are  free  from  the  defects  listed  in  1.0,  each 
tool  shall  be  inspected  after  finish  grinding  by  the  supplier  accord- 
ing to  one  of  the  following  procedures. 

8.6.1.1  Magnetic  Particle  Inspection  in  accordance  with  ASTM 
Method  A-275. 

8.6.1.2  Liquid  Penetrant  Inspection  in  accordance  with  ASTM  Rec- 
ommended Practice  E-165. 

9.0  DESIGN 

9.1  All  tools  shall  conform  substantially  when  applicable  to  the  dimensions 
here  set  forth.  Dimensions  for  head  contours  as  shown  on  Page  5-6-28, 
sheets  A,   B,   C  will  ccmform   to   the  following: 

9.1.1  Head.  Contour 

9.1.1.1  Heads  ot  tools  with  a  round  cross  .section  shall  be  ground  to 
the  comer  contours  prescribed  in  sheets  A,   B,  C. 

9.1.1.2  Heads  of  tools  with  a  hexagonal  or  octagonal  cross  .section 
shall  also  be  ground  to  the  corner  contours  prescriljed  in 
sheets  A,  B,  or  C.  In  addition,  the  arcs  not  tangent  to  the 
hexagonal    or    octagonal    corners    shall    be    "blended"    into    a 
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smooth   contour  similar  to  that  shown  on   sheet  C. 

9.1.1.3  Punch  ends  shall  have  comer  radii  according  to  9.1.1.1,  but 
with  no  crown  radius. 

9.1.1.4  All  ground  surfaces  shall  l:>e  free  of  decarburization. 

NON-PERCUSSION   TOOLS 
(Inspection   and   Physical   Tests) 

10.0  CLAY  PICK— PLAN  NO.  1 

No  special  tests  required. 

ILO  TAMPING  PICK— PLAN  NO.  2 

No  special  tests  required. 

12.0  TRACK  WRENCHES— PLAN  NO.  4 

One  wrench  to  be  tested  from  each  lot  of  10  dozen  or  less  by  applying  for 
1  minute  a  load  of  400  lb.  at  a  point  distant  from  the  jaw  end  equal  to  9.5 
percent  of  the  total  length  of  the  wrench  without  any  spreading  of  the  jaw 
or  any  permanent  set  in  the  handle. 

13.0  LINING  BARS— PLAN  NO.  5 

One  bar  to  be  tested  from  each  lot  of  10  dozen  or  less  by  applying  a  load 
of  350  lb.  9  in.  from  the  end  of  the  handle,  with  the  point  suitably  secured 
6  in.  from  the  end,  without  leaving  a  permanent  set  in  excess  of  '4  in. 

14.0  RAIL  TONGS— PLAN  NO.  6 

No  special  tests  required. 

15.0  TIE  TONGS— PLAN  NO.  7 

No  special  tests  required. 
16.0  TIMBER  TONGS— PLAN  NO.  8 

Three  pairs  of  tongs  to  be  tested  from  each  lot  of  10  dozen  or  less  by  sus- 
pending a  load  of  300  lbs.  to  400  lb.  workwise  in  the  tongs  with  the  handles 
in  a  horizontal  position  and  supported  at  a  point  2  in.  from  the  end.  Deflec- 
tion with  300  lb.  weight  shall  not  exceed  1  in.  with  no  permanent  set,  and 
with  400  lb.  weight  deflection  shall  not  exceed  1*4  in.  with  a  permanent  set 
of  not  to  exceed  %  in. 

17.0  SPIKE  PULLER— PLAN  NO.  9 

Sample  of  each  lot  manufactured  to  be  tested  in  actual  use  b\'  pulling  a  spike 
with  a  standard   claw  bar. 

18.0  RAIL  FORK— PLAN  NO.  10 

No  special  tests  required. 
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19.0  CLAW  BAR— PLAN  NO.  11 

One  bar  from  each  lot  of  10  dozen  or  less  to  lie  tested  by  placing  the  claws 
of  the  bar  %  in.  under  the  head  of  a  standard  track  spike,  rigidly  placed  and 
so  located  as  to  hold  the  bar  in  a  horizontal  position  while  a  shock  load 
equivalent  to  that  of  a  200  lb.  weight  falling  a  distance  of  1  ft  is  applied 
to  the  handle  at  a  point  5  in.  from  its  end,  without  the  toes  showing  any 
cracks  or  the  handle  taking  any  permanent  set. 

20.0  TRACK  ADZ— PLAN  NO.  12 

Test  one  adz  in  each  lot  of  10  dozen  or  less  by  subjecting  cutting  edge  to 
5  normal  blows  on  metal  of  the  same  composition  as  a  railroad  spike  with- 
out breakage  or  serious  nicking. 

21.0  CARPENTER'S  ADZ— PLAN  NO.  12A 

No  special  tests  required. 

22.0  TAMPING  BAR— PLAN  NOS.  14-15 

No  special  tests  required. 

23.0  TRACK  GAGE— PLAN  NO.  20 

No  special  tests  required. 

24.0  TRACK  GAGE  WITH  WOOD  ROD— PLAN  NO.  20-A 

No  special  tests  required. 

25.0  TRACK  SHOVEL— PLAN  21 

25.1  Scope  and  Design 

This  specification  covers  the  welded  or  riveted  type  and  the  solid  shank 
type  with  either  wood,  malleable  iron  or  combination  wood  metal 
handle  tops.  EHmension  shall  conform  to  plans,  which  are  made  a  part 
of  this  specification.  A  variation  of  /a  in.  more  or  less  from  the  dimen- 
sion shown  on  the  plan  for  the  length  of  the  strap  or  shank  and  handle 
will  be  allowed.  A  variation  of  ^4  in.  more  or  less  from  the  dimensions 
shown  on  the  plan  for  the  width  or  length  of  the  blade  will  be  allowed, 
but  the  total  variation  in  the  overall  length  of  sho\eIs  shall  not  exceed 
/2  in.  more  or  less  of  the  dimensions  shown  on  plan. 

25.2  Materials 

Blades  shall  be  of  carbon  or  alloy  steel,  w  ith  a  Rockwell  ( R,  )  hardness 
for  carbon  steel  of  45  to  50. 

Carbon-steel  blades  shall  have  a  thickness  of  not  less  than  No.  13 
gage  and  alloy  blades  shall  lie  of  not  less  than  No.  14  gage  U.  S.  stand- 
ard, the  gage  to  be  measured  at  the  point  where  the  hardness  is  taken. 
For  welded  or  riveted  types,  the  straps  shall  lie  welded  or  riveted  to 
the  blade. 

25.3  Handles  and  Tops 

Handles  shall  be  made  of  ash  and  shall  conform  to  Grade  AA  as  set 
forth    in    the    general    Specifications    for    Handles    for   Track   Tools.    The 
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tops  of  handles  shall  be  of  the  design  specified  and  shall  conform  to 
plans  that  are  made  a  part  of  this  specification. 

25.4  Tests 

One  shovel  from  each  lot  of  10  dozen  or  less  shall  be  selected  and 
metal  straps  (curved  to  fit  the  contour  of  the  handle)  shall  be  clamped 
to  the  upper  and  lower  parts  of  the  handle,  after  which  the  shovel 
shall  be  placed  in  a  prying  position,  supported  at  the  end  of  the  blade 
by  clamps  and  shall  be  capable  of  sustaining  a  load  of  200  lb.  sus- 
pended from  the  end  for  a  period  of  2  minutes  without  showing  any 
permanent  set,   fracture  or  distortion. 

Alloy  steel  shovels  which  have  been  given  a  heat  treatment  to 
insure  uniformity  in  hardness  shall  be  subjected  to  a  shock  test  to  in- 
sure against  brittleness.  The  test  shall  be  made  by  forcibly  striking 
the  blade  at  the  shovel  with  a  hand  hammer  at  se\eral  places  when 
placed  on  an  anvil. 

26.0  BALLAST  FORK— PLAN  NO.  22 

26.1  Scope  and  Design 

The  dimensions  shall  conform  to  the  plans,  which  are  made  a  part  of  this 
specification.  The  total  variation  in  the  overall  length  of  the  forks  shall 
not  exceed  /a  in.  more  or  less  of  the  dimensions  shown  on  plan. 

26.2  Material 

Forks  shall  be  made  of  high-grade  carbon  steel.  Tines  of  forks  shall 
show  Rockwell  (Re)  hardness  of  .35-45.  Straps  shall  be  0.04  U.  S.  Stand- 
ard gage  steel. 

26.3  Handles 

This  specification  covers  either  wood,  malleable  iron  or  combination 
wood-metal  handle  tops.  Handles  shall  be  made  of  ash  and  shall  con- 
form to  Grade  AA  and  be  in  accordance  with  the  general  Specification 
for  Handles  for  Track  Tools. 


27.0  TRACK  TOOL  HANDLES— PLAN  NO.  25 

No  special  tests  required. 

28.0  RAIL  TONGS  FOR  USE  WITH  CRANE— PLAN  NO.  31 

In   the   manufacture  of  the   Rail  Tongs,   Section  8.6,   Nondestructive  Test  Re- 
quirements will  be  adhered  to. 

29.0  DRIVE  SPIKE  EXTRACTOR  SOCKET  WRENCH- 
PLAN  NO.  33 

No  special  tests  required. 
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Plans  for  Track  Tools 
1978 


Hardness 


Plan  Grade  of 

Number  Description  Steel 

1-62  Clay  Pick    Carbon  or  Alloy 

2-62  Tamping  Pick Carbon  or  Alloy 

.3-62  "Spike  Maul   Alloy,  Grade  A 

or  B 

4-62  Track    Wrenches    Carbon 

5-62  Lining   Bars    Carbon 

6-62  Rail  Tongs    Carbon 

7-62  Tie  Tongs   Carbon  or  Alloy 

8-62  Timber  Tongs Carbon  or  Alloy 

9-62  Spike  Puller    Carbon 

10-62  Rail  Fork Carbon 

11-62  Claw  Bar Carbon 

12-62  "Track  Adz Carbon  or  Alloy 

12-A-62        "Carpenter's  Adz   Carbon  or  Alloy 

13-62  "Double-Faced  Sledge    Alloy,  Grade  A 

or  B 

14-62  Chisel  End  Tamping  Bar  .  .  .    Carbon 

15-62  Spear  End  Tamping  Bar  ....    Carbon 

16-62  Tie  Plug  Driver Carbon 

17-62  "Track  Chisel Alloy,  Grade  A 

or  B 

19-62  "Round  Track  Punch   Alloy,  Grade  A 

or  B 

20-62  Track  Gage-Pipe  Center  ....  See  Plan 

20-A-62  Track  Gage-Wood  Center    .  .  See  Plan 

21-62  Track    Shovels    Carbon  or  Alloy 

22-62  Ballast  Forks    Carbon 

25-67  Track  Tool  Handles    

26-62  Scoop Carbon  or  Alloy 

27-68  Aluminum  Combination 

Track  Level  and  Gage 

( Insulated )    Carbon  or  Alloy 

28-62  Scythe   See  Plan 

29-62  Snatli   See  Plan 

30-62  Spot  Board   See  Plan 

31-62  Rail  Tongs  for  Use  wdth 

Crane    See  Plan 

32-62  Track  Spike  Lifter Alloy,  Grade  A 

or  B 
33-62  Drive  Spike  Extractor 

Socket  Wrench Carbon 

34-71  Rail  Thermometer    

35-77  Nut  Cutter   Alloy,  Grade  A 

or  B 


425-500  BH\ 
425-500  BH\ 
52-56  Re 

375-450  BHN 
300-375  BHN 


375-450  BHxN 
275-350  BHN 
300-375  BHN 
375-4.50  BHN 

52-56  Re 

425-500  BHN 
425-^500  BHN 

45-49  R.  (Head) 
56-60  R.  (Point) 
45-49  R.  (Head) 
52-56  R,  (Punch 
End) 


4,5-50  Re 
35-45  Re 

45-50  Re 


54-58  Re 


45-49  R.   (Head) 
45-49  Re   (Claw) 

300-350  BHN 

45-49  R.   (Head) 
56-60  Re  (Point) 
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"  When  specified,  the  small-eyed  track  tools  will  be  furnished  with  AREA 
handles.  The  handles  are  to  be  properly  fitted  and  wedged;  36-in.  handles  are  to 
be  furnished  for  tools  weighing  6-lb  and  over,  and  16-in.  handles  for  tools 
weighing  under  6-lb,  except  that  24-in.  handles  are  to  be  furnished  for  track- 
chisels,  tie  plug  punch,  and  round  track  punch. 

Chemical  Specification  for  Carbon  Steel  Track  Tools 


tCarbon    0.55  to  0.70        Phosphorous 

Manganese    0.60  to  0.90         Sulfur    


0.05  ma.\. 
0.05  ma.\. 


t  Applies  to  all  carbon  steel  tools. 


Chemical  Specification  for  Alloy  Steel  Track  Tools,  Gr-'UJe  A  and  B 


Gra(5e 

Carbon 

Kianganese 

Phos 

Sul- 
fur 

Silicon 

Vanadiu-Ti 

Molyb-        1 

denum 

Min 

Max 

Min 

r-lax 

Max 

Max 

Min 

I-iax 

Min 

Max 

Min 

Max 

A 

.56 

.6!; 

.75 

l.CO 

.025 

.025 

l.GO 

2.20 

■ 

B 

_ 

•  ■^^ 

.f-h 

.75 

1,00 

.025 

.n?5 

l.RO 

2.20 

.1.5 

.35 

.50 

Gi-ade   A   or  Grade    B   should   be   specified  when   inquiring   or   ordering. 

Grade  A  or  Grade  B  should  be  specified  when  inquiring  or  ordering. 

For  further  information  here  is  a  listing  of  the  estimated  cost  difference  be- 
tween tools  made  to  the  old  specifications  and  the  new  specifications  with  the 
various  differences  in  the  manufacturing  requirements.  This  Committee  feels  that 
tools  made  by  the  new  specifications  will  be  much  safer  and  longer  lasting  which 
will  more  than   offset  the  increased   cost  of  the  tools. 
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Report  on   Assignment   4 
Track  Design 

V.  M.  ScHwiNG  (chairman,  subcommittee),  C.  \\.  Alexander,  R.  C.  Arnlund, 
R.  E.  Clemons,  D.  E.  Grouser,  Jr.,  C.  R.  Fulghum,  R.  J.  Hardenbergh, 
E.  P.  Hatten,  R.  a.  Kendall,  A.  D.  Kerr,  A.  J.  Kozak,  M.  E.  McGinley, 
R.  N.  Schmidt. 

a.  Bridjie  Expansion  Joints 

Committee  15 — Bridges — has  published  a  criteria  for  these  type  joints 
and  this  has  been  included  as  manual  material  reference.  Part  1,  Bulletin 
670.  November-December  1978. 

b.  Design  of  Tie  Plates 

Propose  that  table  on  page  5-1-7  be  revised  to  comply  with  standard  rail 
sections;  reference  to  cant  added;  plans  Nos.  2,  5,  and  10  deleted;  and 
plans  20  and  21  revised  to  delete  "for  curves  only"  in  title  and  last 
sentence  revised  to  state  "This  design  is  recommended  for  use  on  curves." 
Ballot  to  be  sent  to  Subcommittee  for  appro\al  and  then  to  Com- 
mittee 5  members  for  approval. 

c.  Collaboration  with  ASTM.  Sub.  Cm.  AOl.Ol 

Purpose  of  collalioration  is  to  ascertain  if  AREA  should  adopt  ASTM 
Specifications  for  tie  plates  and  track  spikes. 

Report   on   Assignment   5 
Turnout  and   Crossing   Design 

L.  C.  Kerns  (chairman,  subcommittee),  S.  W.  Brunner,  C.  M.  Cowles,  W.  G. 
Crone,  E.  E.  Frank,  P.  E.  Gordenier,  R.  J.  Jones,  G.  G.  Knupp,  R.  E. 
KusTON,  L.  P.  McKenna,  L.  A.  Pelton,  L.  L.  Rekucu,  A.  J.  Schevet, 
N.  J.  Skoutelas,  E.  H.  Taylor,  L.  Tameling,  A.  F.  Ubaldi,  E.  R.  Wiltz. 

Assignment  "B" — Review  of  guard  rails  protecting  turnout  frogs. 

This  subject  has  been  reviewed  at  great  length  and  considerable  discussion 
carried  on  regarding  the  use  of  the  same  length  of  flare  for  all  lengths  of  guard 
rails  since  regardless  of  guard  rail  length,  tliey  are  subject  to  the  same  type  of 
traffic  and  speeds.  The  following  areas  in  this   regard  ha\e  been   reviewed: 

a.  Guard  rail  entrance  opening  from  3)4"  to  4"  to  accommodate  the  existing 
skewed  trucks.  It  has  been  reported  that  there  are  indications  of  wheels 
striking  guard  rails  at  openings  of  3"  to  3}*". 
h.  Investigate  Hare  length.  Make  the  flares  the  same  length  for  all  lengths  of 
guard  rails.  Discussions  have  brought  out  the  fact  that  all  guard  rails, 
regardless  of  length  of  flare  are  subject  to  the  same  tonnage  and  speed. 
Therefore,  they  should  have  the  same  length  of  flare  so  that  the  wheels 
are  deflected  at  the  same  rate  regardless  of  guard  rail  length. 
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c.  Location  of  guard  rail  flare  in  relationship  to  the  frog  flare.  Discussion  has 
led  to  the  reasoning  that  the  guard  rail  flare  should  be  placed  opposite 
the  frog  flare  so  that  skewed  trucks  upon  entering  the  frog  flare  would  be 
deflected  by  both  guard  rail  flares  simultaneously  rather  than  alternately, 
as  presently  exists.  In  existing  practice,  the  wheel  strikes  the  frog  flare 
first  and  then  some  distance  towards  the  frog  point,  the  wheel  then  is 
deflected  by  the  guard  rail  flare.  This  will  be  reviewed  in  relation  to  its 
contribution   to  frog  movement. 

The   above   subject  has   been   recommended  for  further   study  and   review  at 
the  next  subcommittee  meeting. 

Assignment  "C" — Review  Tolerances  on  Plan  1010  and  1011 

Plan   1010 

a.  A  motion  has  been  passed  to  increase  the  tolerance  from  1/16"  plus  1/32" 
minus  0"  to  1/8"  plus  1/16"  minus  0"  in  Section  B-b  on  Plan  1010.  This 
motion  was  seconded  and  approved  by  Subcommittee  5  for  presenting 
to  Committee  5  for  letter  ballot. 

b.  A  motion  has  been  passed  to  include  the  621  railbound  manganese  frog 
and  the  appropriate  sections  on  Plan  1010,  deleting  the  600  design  rail- 
bound  frog  shown  on  Plan  1010.  This  has  been  recommended  for  sub- 
mission to  Committee  5  for  letter  ballot. 

c.  The  tolerances  on  drill  holes  approved  by  Subcommittee  5  on  Plan  1010 
were  approved.  A  motion  was  passed  to  submit  this  to  Committee  5  for 
letter  ballot. 

Plan   1011 

a.  A  motion  has  been  approved  to  permit  the  welding  of  two  pieces  of  rein- 
forcing strap  for  lengths  of  switch  reinforcing  bars  over  28  ft  long.  The 
gage  side  reinforcing  bar  welded  joint  is  to  be  offset  from  the  stock  side 
reinforcing  bar  joint  by  a  minimum  of  2  ft.  A  motion  was  passed  to  sub- 
mit to  Committee  5  for  letter  ballot. 

A  motion  has  been  passed  to  hold  diis  subject  open  until  tlie  next 
subcommittee  meeting.  If  further  recommendations  are  not  received,  the 
four  above  recommendations  will  be  submitted  by  letter  ballot  for  Manual 
and  Portfolio  of  Plans  revision. 


Report  on  Assignment  7 
Track  Maintenance 

R.  G.  Huston  (chairman,  subcommittee),  J.  O.  Born,  J.  E.  Campbell,  X.  H.  Clark, 
R.  G.  Garland,  C.  H.  Gaut,  S.  W.  George,  E.  E.  Howard,  J.  D.  Jardine, 
G.  H.  Maxwell,  B.  Mohl,  C.  W.  Morrison,  T,  C.  Netherton,  B.  E.  Pear- 
son, A.  C.  Trimble,  A.  J.  Zierow. 
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(a)  Laying  of  continuous  welded  rail. 

(b)  Maintenance  of  continuous  welded  rail. 

(c)  CWR  field  handbook. 

This  subcommittee  has  taken  up  the  material  pertaining  to  welded  rail  that 
was  foniierly  assigned  to  the  Special  Committee  on  Continuous  Welded  Rail. 
After  a  complete  review  of  the  subjects  was  made  by  this  subcommittee  it  was 
decided  that  for  clarity  and  ease  of  reference,  tlie  subjects  should  be  condensed 
and  all  included  as  manual  material  rather  than  maintain  a  handbook  along  with 
manual  material.  This  has  lieen  approved  by  letter  ballot  and  appears  as  manual 
recommendations  Part   1,   Bulletin  670,   November-December   1978,  pages   174-186. 

(d)  Modern   methods   of   heat   treating   carbon   steel   trackwork   and   repairing 
such  trackwork  by  welding. 

This  subcommittee  has  completed  a  proposed  write-up  on  this  sub- 
ject and  submitted  to  Committee  4 — Rail  for  their  further  action.  It  is 
recommended  that  this  subject  be  assigned  to  Committee  4 — Rail  for 
conclusion. 

(e)  Welding  of  Manganese  Castings. 

This    subject    has    been    approved    by    letter    ballot    and    appears    as 

manual    recommendations     Part    1,     Bulletin    670,     November-December 

1978,  pages  184-186. 

The  subjects   lubrication  of  rail  on  curves   and  gage  were  treated  recently  by 

your  subcommittee  and  a  preliminary  draft  sent  to  all  subcommittee  members  for 

comments   and   a   final   draft   to  be  submitted   for  ballot   approval   and   subsequent 

adoption  as  Manual  material  next  year. 
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Committee 


<E)    Member  Emeritus.    fDied  Jan.    14,    1979. 

Those  whose   names   are   shown   in   boldface,   in   addition  to   the   chairman,   vice   chairman   and 
secretary,  are  the  subcommittee  chainnen. 

To  the  American   Railway  Engineering  Association: 

Your  committee  reports  on  the  followiiiff  subjects: 

\.  Roadbed. 

The    subcommittee    is    in\estiKiitinK    the    use    of    filter    fabrics    with    a 
\iew  to  developinff  a  specification. 

2.  Balhist. 

The    subcommittee    is    continuinp    the   study    to    improve    testing    and 
specifications   for   ballast   material. 

3.  Natural  Waterways. 
No  report. 

4.  Culverts. 
No  report. 
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5.  Pipelines. 

The  subcommittee  is  still  pursuing  the  subject  of  casings  larger  than 
42  inch  diameter  and  revision  of  casing  thicknesses  for  E  80  Hve  load- 
ing. Manual  revision  should  be  accomplished  in  1979. 

6.  Fences. 

The  subcommittee  is  planning  to  look  into  security  fences,  and  to  up- 
date the  existing  Manual  material. 

7.  Signs. 

Revisions  to  Specifications  for  Signs  submitted  for  adoption  were 
published  in  Bulletin  670,  November-December  1978. 

8.  Tunnels. 
No  report. 

9.  Vegetation  Control. 

The  subcommittee  is  working  on  revision  and  update  of  Table  1 — 
Types  and  Characteristics  of  Herbicides. 

This  may  be  ready  for  the  Manual  in  1979.  In  addition,  the  subcom- 
mittee is  planning  a  seminar  sometime  in  1979. 

The  Committee  on  Roadway  and  Ballast, 

N.  E.  Whitney,  Jr.,  Chairman. 
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(E)    Member  Emeritus.    IDied   April    1,    1978. 

Those   whose   names    are   shown   in   boldface,   in    addition   to   the   chairman,   vice   chairman   and 
secretary,  are  the  subcommittee  chainnen. 

I'd    the    Anieiican    Railway    Engineering   Association: 
^Our   comiiiittei"    reports   on    the   following   subjects: 

A.  Rec-ommendatioiis  for  Further  Study  and  Research. 

Progress    report,    submitted    as    information    page  2.59 

B.  Revision  of  Manual. 

The  committee  approved  revision  of  Specification  for  Steel  Rails  and 
these  revisions  were  published  in  Bulletin  670,  Xo\ember-December 
1978. 

1.  Collaborate  with  ALSI  Technical  Subcommittee,  Welding  Contractors, 
Suppliers  of  Field  Welding,  Rail  Grinding  and  Rail  Testing  Contractors 
on  Matters  of  Mutual  Interest. 

No  report. 
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2.  Collaborate   with  AISI  Technical  Committee  on  Rail   and  Joint  Bars 
in  Research  and  Other  Matters  of  Mutual  Interest. 

Progress    report,    submitted    as    information    page  259 

3.  Rail  Statistics. 

Progress    report,    submitted   as    information    page  259 

4.  Up-Date    Data    on    Methods    and    Equipment    for    Making    Welding 
Repairs  to  Rail  and  Turnouts. 

No  report. 

5.  Rail   Specifications,   Research   and   Development. 

Progress    report,    submitted   as    information    page  267 

6.  Joint   bars:    Design,    Specifications,    Service   Tests,    Including   Insulated 
Joints    and    Compromise   Joints. 

Progress   report,   submitted   as    information    page  267 

7.  Effect  of  Heavy  Wheel  Loads  on  Rail. 
No  report. 

8.  Field  Welding. 
No  report. 

9.  Recommendation  for  Inter\al  of  Non-Destructive  Testing  for  Internal 
Defects  of  Rail  in  Track. 

No  report. 


Clifforb  Ctjarleg  ^ttvitk 
1916=1978 

Clifford  Charles  Herrick,  Engineer— Standards,  Consolidated  Rail  Corporation, 
died  on  June  22,  1978  at  Monroe,  Michigan  as  a  i-esult  of  an  accident  while  he 
was  making  an  inspection  of  the  railroad.  Survivors  include  his  wife  Bessie,  tvv'O 
daughters,  Phyllis  and  Bonnie,  and  two  sons,  Dan  and  Richard. 

Mr.  Herrick  was  born  at  Carson  City,  Michigan  on  August  20,  1916  and 
received  his  higher  education  at  the  Uni\ersit>-  of  Michigan  and  received  his 
Bachelor  of  Science  Degree  in  Civil  Engineering.  He  sened  in  World  War  II 
as   a   Navy  Lieutenant  with  the  3rd   and  5th   Fleets. 

Railroad  ser\ice  for  Mr.  Herrick  began  as  a  Rodman  on  the  Michigan  Cential 
Railroad,  April  7,  1941;  promoted  through  positions  of  Structural  Engineer, 
Assistant  Engineer,  Assistant  District  Engineer,  Assistant  Engineer-M.W..  System 
and  Engineer  Track  Maintenance  on  the  New  York  Central  Railroad.  He  was 
Engineer-Track,  Penn  Central  and  Engineer  of  Standards,  Conrail. 

Mr.  Herrick  ser\ed  on  AREA  Committee  4  and  was  a  fomier  Chairman  of 
the  Committee. 
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Report  on  Assignment  A 
Recommendations  for  Further  Study  and  Research 

R.  F.  Bush  (cfminnan,  subcommittee),  H.  F.  Longhelt,  R.  E.  Catlett,  Jr.,  C.  N. 
Scott,  D.  H.  Stone,  B.  G.  Anderson,  R.  M.  Brown,  R.  R.  Lawton,  A.  B. 
Merritt,  Jr.,  W.  A.  Smith,  R.  K.  Steele,  C.  E.  Weller. 

Three  recommendations  were  received  antl  gi\en  to  the  subcommittees  in- 
\ol\ed.  The  first  recommendation  is  for  the  study  of  a  recommended  practice 
for  welding  rails  with  \ari()us  types  of  metallurgy  because  of  the  special  tech- 
niques  in\'ol\"ed.   This   was   assigned   to   Subcommittee   8. 

The  second  recoiimiendation  was  a  need  for  study  of  residual  stresses  in  the 
ball  of  rails.  This  recommendation  was  assigned  to  Subcommittee  9  to  include 
residual  stresses  as  one  of  their  subjects. 

The  third  recommendation  was  to  define  the  size  for  light,  medium,  and 
hea\y   segregation   in   rails.   This   subject  was   assigned   to   Subcommittee   9. 

Report   on   Assignment  2 

Collaborate  with  AISI  Technical  Committee  on  Rail  and  Joint 
Bars  in  Research  and  Other  Matters  of  Mutual  Interest 

H.  F.  LoNGHELT  (chairman,  subcommittee),  R.  F.  Bush,  R.  E.  Catlett,  Jr.,  C.  N. 
Scott,  D.  H.  Stone,  H.  L.  Rose,  G.  H.  Geiger,  B.  G.  Anderson,  R.  M. 
Brown,  W.  J.  Cruse,  B.  R.  Forcier,  E.  T.  Frazen,  R.  E.  Haacke,  V.  E. 
Hall,  T.  B.  Hutcheson,  K.  H.  Kannowski,  R.  R.  Lawton,  W.  S.  Lovelace, 
T.  C.  Mackenzie,  A.  B.  Meri\itt,  Jr.,  L  A.  Reiner,  R.  B.  Rhode,  W.  A. 
Smith,  R.  K.  Steele,  V.  R.  Terrill,  E.  H.  Waring,  M.  J.  Wisnowski. 

A  joint  meeting  with  the  AISI  Technical  Committee  was  held  in  Chicago  on 
July  18,  to  discuss  in  detail  the  proposed  Specification  for  Steel  Rails  as  pre- 
pared by  Subcommittee  5  Chairman  Stone  and  his  committee.  This  specification 
was  presented  to  the  full  Committee  4  at  the  summer  meeting  held  in  Chicago 
on  June  28. 

As  a  result  of  the  joint  meeting  your  committee  met  on  July  19,  and  made 
the  final  revision  to  the  proposed  Specification  on  Steel  Rails. 

Report  on   Assignment   3 
Rail   Statistics 

D.  L.  Banghart  (chairman,  subcommittee),  B.  G.  Anderson,  R.  M.  Brown,  R.  F. 
Bush,  L.  S.  Crane,  P.  K.  Cruckshank,  R.  C.  Faulknkh,  M.  A.  Ferguson, 
R.  G.  Garland,  W.  J.  Gilbert,  T.  B.  Hutc:hes()n,  R.  R.  Lawton,  H.  F. 
Longhelt,  W.  S.  Lovelace,  J.  F.  Lyle,  A.  B.  MEHiun,  Jr.,  F.  W.  Michael, 
B.  J.  Murphy,  B.  F.  Overhev,  R.  C.  Postei.s,  J.  M.  R.ankin,  I.  A.  Reiner, 
W.  A.  Smith,  R.  K.  Steele,  G.  S.  Triehel,  E.  H.  Waring,  G.  H.  Way, 
M.  J.   Wisnowski. 
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During  the  past  year.  Subcommittee  3  has  secured  from  the  American  Iron 
and  Steel  Institute  Technical  Committee  on  Railroad  Materials  a  summary  of  the 
tonnage  of  rail  shipped  from  Canadian  and  United  States  steel  mills  to  North 
Americ-an  Railroads  during  1977.  A  tabulation  of  this  information  is  included 
herewith. 

It  is  noted  that  1,123,469  tons  or  85.58%  of  the  total  rail  shipped  during 
1977  was  in  sections  which  have  been  previously  recommended  that  purchases 
of   new  rail   be   confined. 

Also  included  is  a  tabulation  indicating  the  net  tons  of  new  rail  shipped  to 
North   American   Railroads  from  foreign  rail  mills  in   1977. 

Your  committee  also  presents  as  information  the  accompanying  statistics  per- 
taining to  track  miles  of  continuous  welded  rail  (CWR)  laid  by  years  from  1933- 
1977;  the  track  mile  breakdown  of  CWR  laid  in  1977  betv\een  oxyacetylene  and 
electric  flash  method;  miles  of  CWR  laid  new  and  secondhand  and  further 
separated   by   that  laid   in  main   tracks,   sidings   and   yard   tracks. 

The  total  miles  of  CWR  reported  laid  in  track  by  indi\idual  roads  at  the 
end  of  1977  is  also  tabulated. 

Inquiries  were  sent  to  135  North  American  Railroads  with  replies  received 
from  102  roads,  reflecting  98%  of  the  total  main  track  mileage  reported. 

During  1977,  more  miles  (6458)  of  CWR  was  reported  laid  in  track  than 
in  any  other  year  previously  reported.  As  an  indication  of  the  continuing  increase 
in  the  use  of  CWR,  over  71%  of  the  CWR  reported  since  1933  has  been  laid 
during  the  past  ten-year  period,  1968-77.  At  the  end  of  1977,  over  59,400  track 
miles  of  CWR  was  reported  in  track,  representing  approximateh'  27%  of  the  total 
miles  of  main  track  in  the  United  States.  An  additional  7,739  track  miles  of  CWR 
was   reported   in    North   American    tracks    outside   the   continental    USA. 

Consolidated   Report   of   Rail   Shipped   to   North   American    Railroads   from 
North  American  Rail  Producing  Mills   in   1977   by  Weight  and  Section 

Tons 
Weight  Section  Shipped  %  Total 

140" 

136° 

133 

132  » 

122 

119" 

115° 

100° 

100 

100 

90" 

85 

TOTAL  1,312,776  100.00 


AREA 

42,300 

3.22 

AREA 

282,817 

21.54 

AREA 

84,393 

6.43 

AREA 

534,279 

40.70 

CB 

65,610 

5.00 

AREA 

42,411 

3.23 

AREA 

201,885 

15.38 

AREA 

15,494 

1.18 

ARA-A 

33,877 

2.5S 

ASCE 

3,333 

0.25 

ARA-A 

4,283 

0.33 

CP 

2,094 

0.16 

Rail 
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Report  of  New  Rail  Shipped  to  North  American  Railroads  from 
Rail  Mills  in  1977  by  Weight  and  Section 

Foreign 

Net  Tom  Received  From 

Weight            Section            Britain          Germaruj            Japan           Other 

Total 

136* 
132' 
122 

TOTAL 


AREA 
AREA 
CB 


648 
220 


868 


21,000 


21,000 


300 


300 


948 

220 

21,000 

22,168 


Recommended  Section. 

Track  Miles  of  Continuous  Welded  Rail  Laid  by  Years,   1933-1977 


Total 


Oxy- 
acetylene 


Electric 
Flash 


Total 


1933   

0.16 

1934   

0.95 

1935   

4.06 

1936  

1.52 

1937   

31.23 

1939   

6.04 

1942   

5.48 

1943   

6.29 

1944   

12.88 

1945 

4.81 

1946   

3.91 

1947   

18.70 

1948   

29.93 

1949   

33.05 

1950   

50.25 

1951    

37.25 

1952   

40.00 

1953   

80.00 

1954   

87.00 

1955 194.50 

1956 372..33 

1957 390.47 

1958 148.11 

1959 378.65 

1960 299.42 

1961 94.13 

1962 310.59 

1963 497.52 

1964 586.76 

1965 700.59 

1966 746.61 

1967 784.28 

1968 643.10 

1969 674.35 

1970 800.30 

1971  504.28 

1972 422.91 

1973 465.68 

1974 273.79 

1975 1.39.58 

1976 294.04 

1977 300.35 


72.00 

266.50 

89.10 

461.43 

159.65 

550.12 

312.13 

460.24 

691.92 

1,070.57 

961.20 

1,260.62 

926.50 

1,020.63 

1,183.34 

1,493.93 

1,. 360.48 

1,858.00 

1,796.74 

2,383.50 

1,655.74 

2,356.33 

1,984.71 

2,731.32 

L800.27 

2,584.55 

2,543.61 

3,186.71 

2,930.01 

3,604..36 

5,378.32 

6,178.62 

3,604.72 

4,109.00 

4,011.29 

4,434.20 

4,084.27 

4,767.37- 

4,183.48 

4,4.57.27 

4,151.83 

4,291.41 

5,6.58.89 

5,952.93 

6,1.58.14 

6,458.49 

Total 


66,391.61 


Total  includes  217.42  miles  reported  in  1973,  but  breakdown  not  available. 
Breakdown  of  Continuous  Welded  Rail  Laid  in  1977 — Track  Miles 


Oxyacetylene 


Electric  Flash 


New       Secondhand 


New 


Secondhand 


Totals 


Main  Track    .  . 
Sidings  & 

Yard    Tracks 


116.41 


162.65 

21.29 


4,082.97 

78.22 


1,698.14 
298.81 


6,060.17 
.398.32 


Total   116.41 


183.94 


4,161.19 


1,996.95 


6,458.49 
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Report  on   Assignment   5 
Rail   Specifications,   Research   and   Development 

D.  H.  Stone  ichaiiman,  utihcommitti'e),  H.  F.  Longhelt,  R.  F.  Bush,  R.  E.  Cat- 
LETT.  Jr.,  G.  H.  Geiger,  B.  G.  Anderson,  W.  J.  Cruse,  D.  Danyluk,  A.  R. 
DeRosa,  R.  E.  Haacke,  T.  B.  Hutcheson,  K.  H.  Kannowski,  W.  S.  Love- 
lace, T.  C.  Mackenzie,  G.  H.  Maxwell,  A.  B.  Merritt,  Jr.,  J.  L.  Merritt, 
C.  O.  Penney,  J.  M.  Rankin,  W.  A.  Smith,  R.  K.  Steele,  M.  J.  Wisnowski. 

Your  subcommittee  completed  the  final  draft  of  the  proposed  Specification 
for  Steel  Rails.  The  proposed  revision  was  presented  to  the  full  Committee  for 
letter  ballot.  The  proposed  revisions  were  approved  and  have  been  pubhshed  in 
Bulletin  670,  November-December  1978. 


Report  on   Assignment  6 

Joint  Bars:  Design,  Specifications,  Service  Tests,  Including 
Insulated  Joints  and  Compromise  Joints 

H.  L.  Ro>>E  ichoinnon,  suhcommittee),  H.  F.  Longhelt,  R.  F.  Bush,  R.  E.  Catlett, 
Jr.,  D.  H.  Stone,  P.  K.  Cruckshank,  E.  T.  Franzen,  W.  S.  Lovelace,  A.  B. 
Merritt,  Jr.,  B.  F.  Overbey,  L  A.  Reiner,  B.  D.  Sorrels,  C.  L.  Stanford, 
S.  T.  Wiecek. 

Your  subcommittee  has  collected  infonnation  on  insulated  joints,  compromise 
joints,  and  reinforcing  straps  to  protect  field  welds.  This  information  is  being  re- 
viewed  and   manual   recommendations  will  be  submitted  in   1979. 

During  the  year  this  subcommittee  has  met  with  Committee  5  to  collaborate 
with  Subcommittees  1  and  4  of  Committee  5.  As  a  residt  there  will  be  much  better 
cooperation  between  the  Committee  and  expedite  studies  concerning  mutual 
interests. 


Report  of  Committee   28 — Clearances 


D.  W.  LaPorte, 
Chairman 

E.  E.  Kessler, 
Vice  Chairman 


F.  A.  SvEC, 
Secretary 

R.  R.  Snyder 
J.  E.  Teall 

A.   V.   BODNAR 

D.  J.  Moody 
M.  L.  Power 

G.  W.  Martyn 
W.  J.  Trezise 
P.  T.  Sarris 

J.  M.  Quesada 

E.  W. Jantz 

E.  W.  Bekendt 

J.  E.  Herman 

E.  S.  Birkenwald  (E] 

E.  C.  Castellanos 

J.  W.  Coles 

J.  E.  COSKY 

J.  A.  Crawford 
b.  D.  Cunningham 
S.  M.  Dahl  (E) 


G.  E.  Henry 

C.  F.  Intlekofer 

R.   C.   K  LOUD  a 
A.  J.  KoZAK 
A.  E.  MOONEY 
J.  R.  MoORE 
W.    E.    MORQUS 
H.  D.   NiEBUR 

F.  B.  Persels 

C.  E.  Peterson  (E) 

L.  SCHMITZ 

P.    A.    SCHOVILLE 

W.   P.   SiLCOX 

E.  C.  Smith 
C.  C.  Smoot 
C.  L.  Tarpley 
M.  E.  Vosseller 
A.  P.  Wivagg 

G.  WiLWERDING 

Committee 


(E)   Member  Emeritus. 

Those    whose    names    appear    in    boldface,    in    addition    to    the    chairman,    vice    chairman    and 
secretary,  are  the  subcommittee  chairmen. 

To  the  American  Railway  Engineering  Association: 

Your  committee  reports  on  the  following  subjects: 

B.  Revision  of  Manual. 
No  Report. 

1.  Investigate  the  practicability  of  using  disposable  placaids  or  other 
appropriate  marking  for  identifying  shipments  of  excessive  dimen- 
sions and/or  weight. 

No  Report — Awaiting  A.A.R.  approval  of  proposed  placards. 

2.  Compilation  of  the  Railroad  Clearance  Requirements  of  the  Various 
States. 

No  significant  change  to  state  clearance  laws  have  been  reported  to 
require  a  change  in  the  chart  now  shown  in  tlie  Manual. 

3.  Investigate  the  criteria  for  handling  heavy  shipments,  collaborating 
as  necessary  or  desirable  with  Committees  5,  7  and  15. 

A  questionnaire  was  sent  to  all  members  of  Committee  28  asking  their 
practice  for  handling  overweight  shipments  in  relation  to  their  rail 
and  bridges.  These  questionnaires  are  being  studied  and  will  serve 
as  a  basis  for  further  recommendations  on  this  subject. 

4.  Restudy  and  Possibly  Revise  "Clearance  Diagrams — Fixed  Obstruc- 
tions" now  in  the  Manual. 

Larger  diagrams  have  been  developed  and  were  reviewed  at  our 
October  1978  Meeting.  There  was  considerable  discussion  and  some 
minor  changes.  Will  be  presented  for  final  vote  by  Committee  28 
for  presentation  in  the  Manual  at  our  February  1979  Meeting. 
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5.  Revise  "Suggested  Methods  of  Presenting  Published  Clearances"  now 
in  the  Manual. 

Will  have  final  vote  by  Committee  28  for  presentation  in  the  Manual 
at  our  February  1979  Meeting. 

6.  Study  the  Effects  of  Shipment  Center  of  Graxity  in  Relation  to 
Train  Speed  and  Track  Curvature. 

A  set  of  guidelines  for  handling  loads  with  a  high  center  of  gravity 
has  been  de\  eloped,  however  we  are  not  making  any  recommendations 
imtil  tlie  proposed  testing  at  the  Transportation  Test  Center  near 
Pueblo,  Colorado  and  proposed  computer  time  by  Dr.  V.  K.  Garg, 
Manager  of  Dynamics  Research  at  the  A.A.R.  Technical  Center  is 
completed. 

7.  Liaison  Conunittee  to  Work  vdth  A.A.R.  Management  Systems  De- 
partment in  Implementation  of  Umler  Phase  II  to  Include  Needed 
Car  Characteristics. 

This  Committee  continues  to  monitor  the  progress  of  this  project, 
but  has  no  results  to  report. 

8.  Restudy   of   Clearance  Allowances   for   Horizontal   Movement  of  Pas- 
senger Cars  Due  to  Lateral  Play,  Wear  and  Spring  Deflection. 
Amtrak  is  supplying  information  and  making  tests  with  some  of  their 
equipment.  We  are  in  the  process  of  gathering  information  that  will 
proxade  the  needed  material  to  cover  modem  car  construction. 

9.  Methods  of  Modifying  and/or  By-passing  Obstructions  for  Increased 
Clearances. 

Fairly  new  subject,  nothing  to  report  at  this  time. 

10.  Review   the   Form  for   Reporting   Loads   Which   E.xceed   Line  Clear- 
anc-es  Now  in  Chapter  28  of  the  Manual. 

A  composite  form  has  been  developed  from  forms  presently  being 
used  by  about  20  Railroads.  The  revised  forms  were  sent  to  Com- 
mittee Member^  for  their  study  and  use.  This  \\ill  provide  more  spe- 
cific recommendations. 

The  Committee  ox  Clearances, 

D.  W.  LaPorte,  Chairman. 


Report  of   Committee  6 — Buildings 


E.  P.  BOHN, 

Chairman 
T.  H.  Seep, 

Vice  Chairman 
O.  C.  Denz,  Secretary 


R.  E.  Phillips 
S.  D.  Arndt 
W.  F.  Armstrong 
S.  B.  Holt 
G.  W.  Fabrin 
D.  A.  Bessey 
J.  H.  Rump 

F.  R.  B.M^TLETT 

G.  J.  Bleul 

J.  BOUTROS 

T.  J.  Boyle 
J.  J.  Brandimarte 
G.  J.  Chamraz 
).  A.  Comeau 
"F.  D.  Day 

C.  M.  DiEHL 

R.  Evans 

T.  A.  Ferguson 

C.  S.  Graves  (E) 

A.  R.  Gualtieri 

R.  Hale 

W.  G.  Harding  (E) 

H.  R.  Helker 


K.  E.  Hornung 
W.  C.  Humphreys 
K.  \.  Kerns 
G.  R.  M^\x)eley 
R.  J.  Martens 
J.  N.  Michel 

R.   W.   MiLHAUER 

L.  S.  Newman 
L.  A.  Palagi 
T.  F.  Peel 

R.   D.   POWRIE 

I.  (;.  Robertson 

J.  B.  SCHAUB  (E) 

H.  a.  Shannon,  Jr. 
J.  E.  Smith 
J.  S.  Smith 
R.  E.  Smith 
W.  C.  Sturm 
S.  G.  Urban  (E) 
W.  M.  Wehner 
T.  S.  Williams  (E) 

Committee 


(E)    Member  Emeritus. 

Those  whose  names  are  shown  in  boldface,  in  addition  to  the  chairman,  vice  chairman  and 
secretary,  are  the  subcommittee  chairmen. 

To  the  American  Railway  Engineering  Association: 
Your  committee  reports  on  the  following  subjects: 

B.  Revision  of  Manual. 

It  was  decided  at  the  June  1978  Committee  Meeting  that  Chapter  6, 
Part  I  of  the  AREA  Manual  should  be  rewritten  as  follows: 

1.  Organize    the    material    in    accordance    with    the    Construction 
Specification  Institute  Format. 

2.  Make  reference  to  more  current  Material  Standards. 

3.  Keep  specifications  of  commonly  used  materials  and  techniques 
as  short  as  possible. 

4.  Expand    specifications    for    materials    and    techniques    that    are 
unique  to  railway  buildings. 

In  order  to  accomplish  this  task  we  propose  to  involve  as  many  of 
our  committee  members  as  possible.  It  is  anticipated  that  this 
report  will  be  submitted  as  manual  information  in  1979. 

1.  Design  criteria  for  freight  forwarding  facilities. 

This  assignment  has  been  reviewed  and  corrections  recommended 
at  several  Committee  Meetings. 
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2.  Inspection  and  maintenance  of  railway  buildings. 

This   assignment   has   been   given   new   direction   by   Mr.   Armstrong 
and  we  now  propose  to  handle  the  report  in  two  phases  as  follows: 

Phase    I — Inspection 

Phase  II — Maintenance 

3.  Design  Criteria  for  Locomotive  Load  Test  Compartments. 
No  report. 

4.  Design  criteria  for  locomotive  washing  facilities. 

Material  presented  in  AREA  Bulletin  666,  pages  283-289,  has  been 
approved  as  a  manual  revision. 

5.  Architectural  education. 
No  report. 

*6.  Design  for   the   physically  handicapped. 
No  report. 

The  Committee  ox  Buildings, 

E.  P.  Bohn,  Chairman. 

*  New  subject. 
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COSTAIN  CONCRETE 

OF  THE  UNITED  KINGDOM 

CONFORCE  COSTAIN 

OF  NORTH  AMERICA 

READYMIX  COSTAIN 

OF  AUSTRALIA 

Have   Participated    In  The  Supply  Of  Prestressed  Concrete  Ties  To 

Canadian  Pacific  Ltd. 

Chessie  System 

FRA  FAST  Track 

Norfolk  &  Western  Ry.  Co. 

Atchison,  Topeka  &  Santa  Fe  Ry.  Co. 

Toronto  Transit  Commission 

New  South  Wales  Railways,  Australia 

Iranian  State  Railways 

Spanish  National  Railways 

Hong  Kong  Government 

London  Transport,  U.K. 

And  Are  Supplying 

1.5  Million  Ties  To  Canadian   National   Railways 
250,000  Per  Year  to  Australian   National   Railways 
750,000  Per  Year  To  British  Rail,  To  Whom  Over 
12.0  Million  Ties   Have  Already  Been   Delivered 


ffl 


m 


Head  Office: 


1000   Alberta   Place 

1520 4   Street,    S.W. 

Calgary,  Alberta 
Phone  (403)   264-1590 


Costain   Concrete   Co.    Ltd. 

Dolphin   Square 

London    SWIV    3PR    U.K. 


Readymix    Costain    J.V. 
G.P.O.    Box    1798 
Adelaide    5001    Aust. 
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DEPENDABLE,  PROVEN   PRODUCTS 
FROM  RAILS  COMPANY 

SWITCH  HEATERS 

to  protect  switch  points  from  freezing 


HAB  SWITCH  HEATERS 

Proven  in  use  at  sub-zero  temperatures. 
High  pressure  blower  distributes  hot  air 
steadily,  evenly  through  a  duct  and  nozzle. 
Manual  or  automatic.  Oil  fired,  natural  gas 
or  propane.  Easily  installed  and  serviced. 

RAIL-TEL  SWITCH  HEATERS 

Advanced  design  assures  correct 
combustion  under  all  conditions.  Improved 
unit  burner  increases  efficiency.  Dispatcher 
controlled  or  automatic  operation  with 
Rails  Company  Snow  Detector.  Long- 
lasting,  easy  to  install.  Proven  in  thousands 
of  installations. 

TYPE  LP  SWITCH  HEATERS 

Improved  air  inspiration  design  assures  the 
best  combustion  regardless  of  weather  or 
humidity.  Uses  low  pressure  natural  gas. 
Provides  uniform  heat. ..dependable,  long 
life  operation. ..easy  installation. ..minimum 
maintenance. .automatic  ignition. 

TUBULAR  ELECTRIC  SWITCH  HEATERS 

All  voltages  and  wattages  available.  Supplied  with  adjustable  hardware. 
Control  panels  with  ground  fault  detection  for  all  requirements. 


^ 


RAIL  FASTENINGS 
for  high  speed  transit 

FLEXICLIP- 

RAIL  FASTENERS 

for  concrete  ties 

Resists  fail 

movement  wilh 

positive  holding 

power  in  all 

directions.  Fast 

installalion  with  regular  equipment. 

For  jointed  or  wetded  rail.   Insulated 

fastenings  available. 

COMPRESSION 

RAIL  ANCHORS  _- 

(or  wood  ties  'Sv 


directions,  providing 
maximum  rail 
protection  with 
lower  installed  cost. 
Fits  all  rail  sections- 
welded,  turnouts, 
t)ridges.  crossings. 


RAIL  ROD 

the  one-man  track  cart  that 
can  be  carried  by  one  man 


Totally  insulated,  will  not  activate 
switches.  Safety  clutch  and  brake 
system  2-wheel  drive.  Rugged 
construction.  Folds  up  for  shipping 
and  storage   Proven  on  ma)Or  class 
one  railroads 


SNOW  DETECTOR 
starts  heaters  or  removal 
equipment 

Provides  local 
control  a(  remote 
or  near  points. 
Automatically 
turns  on  ramp 
healers,  grids,  etc 
!o  keep  drives, 
building  entrances, 
sidewalks  dear  of  ice  or  snow. 
Activates  highway  warnmg  stgns 
Compact,  easily  installed, 
maintenance-free  Foolproof... operates 
only  m  snow,  freezing  ram.  hail  or  ice; 
not  during  normal  rainfall.  Complete 
with  sensing  head,  control  bO" 
mount.  lemperature  control 


R 


'       other  RAILS  COMPANY  products  to  protect  and  maintain  your  track  include 
I       Track  Lubrication  Systems.  Automatic  Switch  Point  Locks,  Wheel  Stops 


Maplewood.  N.J.  07040 
Chicago.  III.  60604  •  Oakland.  Calif.  94607 
CO.     In  Canada:  lECHolden.  Ltd. 
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We've  been  working  on 
Line  Clearances 


so  you  can  work  a  little  easier 

Let's  face  it  . . .  routing  of  oversized  and  overweight  shipments  is  a  compli- 
cated business.  To  help  you  uncomplicate  it,  here's  the  all  new  Railway 
Line  Clearances.  It's  a  modernized  version  of  the  classic  Railway  Line 
Clearances,  redesigned  to  help  you  do  your  job  better,  faster.  The  new 
Clearances  has  more  of  what  you  need:  Alphabetical  arrangement; 
standardized  format  for  each  railroad;  modern  typefaces.  The  annual 
Railway  Line  Clearances  published  in  July  (with  interim  change  circulars) 
is  your  most  accurate,  up-to-date  source  for  researching  and  routing 
oversized  shipments.  So  order  your  copy  now!  Subscription  $10.00 
($8.00  to  registrant  companies).  New  York  residents  add  sales  tax. 


Order  your  copy  today.  Send  to: 
RAILWAY  LINE  CLEARANCES 

424  WEST  33rd  ST.  •  NEW  YORK,  NY  10001  •  (212)  563-7399 

Make  checks  payable  to  Railway  Line  Clearances 
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Thermit 

.,.A  MODERN,  SELF-PREHEAT  METHOD  OFFERING: 

D     AUTOMATIC,  ERROR-FREE  PRE-HEATING  AND  TAPPING 

OF  WELD   METALS 
□     EASY,  COLD  REMOVAL  OF  RISERS 
D     NO  EQUIPMENT  TO  PURCHASE  OR  LEASE 

Call  or  Write  For  FREE  Details... Plus,  Job-Site  Demonstration 


US.  THERMIT  INC 


Lakehurst.  New  Jersey  08733  •  ,201)  657-5781  Teie«:TEGOWHP7l0-568-1352 
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are  the  same ! 


1.  THE  SYSTEM  -  From  the  Activator  to 

the  Applicator,  all  the  components  used  are 

the  results  of  over  40  years  of  testing 

and  refinements. 

2.  INSTALLATION  -  Tv»(o  men  can  install 
a  Single  Plunger  Unit  in  less  than  3  hours. 

3.  MAINTENANCE  -  Inexpensive  mainte- 
nance parts  are  easily  removed  for  cleaning 

or  replacement. 

4.  TOUGHNESS  -  All  components  are 

designed  to  give  that  something  extra  to 

Why  the  M&S  Rail  Lubricator  is  the  BEST:       '''''V^iroTsVrf.!e 

demanded  by  today  s  modern  railroads. 

5.  SELECTION  -  Single  and  Double  Rail  Units  are 

available  in  either  two-port  or  four-port  design 

at  very  competitive  prices. 

Send  for  our  completely  illustrated  brochure 

before  you  buy  any  other  rail  lubricator. 

ALSO  manufacturers  of  the  M&S  SWITCH  POINT 

PROTECTOR  which  extends  switch  point  life  at 

a  very  nominal  cost. 


Moore  &  Steele  Corporation 

Owego.  Tioga  County,  N.Y.  13827 

USA    (607)  687-2751 


MOORE  ^  STEELE 


SEALTITE    HOOK    BOLT 

Fastens  timbers  and  ties  to  steel  beams.  Easy 
to  install,  long-life.  Fins  prevent  turning. 
Spring    lock    holds   tension. 


SEALTITE    SPRING    LOCK 

Maintains   tension   as   timber 

changes   by   weather  or   wear. 


SEALTITE    DOME    HEAD    DRIVE    SPIKE 

Fastens  timbers  and  plank  decking  on  grade  crossings, 
bridges  ond  docks.  Wide,  smooth  head  seals  opening, 
weors   well. 


LEWIS    WASHER    HEAD    TIMBER    DRIVE    SPIKE 
Fastens   highway  crossing   planks,  bridge  guard  rails  and 
general    timber    construction.     One-piece    head.     Easy    to 
install    and    remove. 


e 


I_,E]"WIS  BOLT  &  NUT  COMPANY 

504   MALCOLM   AVE.   S.E.,  MINNEAPOLIS,  MINN.   55414 
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^^^^  Quality  and  Progress 

l^m    ^ik  for  55  years 

W           w  /V^  Chemicals  and 

\^    ^^  Application  for  .  . 

1924-1979 

RAILROAD  VEGETATION  CONTROL 

THE  R.  H.  BOGLE  COMPANY 

p.  O.  BOX  588 
ALEXANDRIA,   VA.   22313 

Memphis,  Tenn.  Alva,  Okla. 

Jacksonville,  Fla. 


ESCO 


•  Tie   Handlers,  Anchor  Cribber 

•  Portable  Rail   Grinders 

•  Rail  Saws — Drills  and  Anchor  Applicators 

•  Rail  Testing   Equipment 

•  Rail   Lubricators 

•  Boutet — Thermit  Rail  Welds 

•  Cranes — Draglines  and   Shovels 

•  Tie  and   Bridge  Pads 

•  Grinding  Wheels 

•  Hydraulic  Testers  and   Conditioners 

•  Portable  Alternators  and   Light  Plants 

ESCO  -  EQUIPMENT  SERVICE  COMPANY 

80  E.  JACKSON   BLVD.  CHICAGO,   ILL.  60604 
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Service  Proven  Benefits 

OF  TRAFFIC  MASTER®  II   COMPUTER-BASED,  COLOR  VIDEO  cTc 

CONVENIENCE  —  Controls  are  input  via  a  compact 
keyboard  and  instantaneously  processed  for  transmission. 
Indications  are  automatically  returned  and  displayed  on 
vivid  color  video  display  units.  Up-to-the  minute 
operations  reports  -  OS,  signal,  train,  and  block  (others 
optionally  available)  -  are  provided  via  video  display  and 
line  printer,  on  schedule  and  upon  request. 

ECONOMY  —  Multiple  control  centers  are  consolidated, 
and  the  entire  territory  is  controlled  from  one  location. 
Track  changes  require  software  revisions  only  -  control 
office  hardware  modifications  are  not  normally  required. 

VERSATILITY  -Traffic  Master  II  can  be  tailored  to  meet 
the  requirements  of  any  rail,  rapid  transit,  or  open  pit 
mine  railway  system.  It  interfaces  to  any  coding  system  - 
from  relay,  to  solid  state,  to  computer  controlled. 


e 

■R 

s 

GENERAL  RAIL\A/AY  SIGNAL 

A    UNIT   OF    GENERAL    SIGNAL. 
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RAILWAY      MOTOR      CARS 
AND     WORK      EQUIPMENT 
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INSPECTION  MOTOR  CARS 
SECTION  MOTOR  CARS 
GANG  MOTOR  CARS 
PUSH  CARS  AND  TRAILERS 
HY-RAIL  EQUIPMENT 
BALLAST  MAINTENANCE  CARS 
WEED  MOWERS 
TOW  TRACTORS 
RAIL  GRINDERS 
DERRICK  CARS 
HYDRAULIC  POWER  TOOLS 
TRACK  LINERS 


TRACK  LINING  LIGHT 

SPIKE  DRIVERS 

TIE  REMOVERS 

TIE  HANDLERS 

RAIL  LIFTERS 

TIE  SHEARS 

TIE  BED  SCARIFIERS 

SPIKE  PULLERS 

TIE  PLUG  INSERTERS 

TIE  SPRAYERS 

TIE  INSERTERS 


THESE   UNITS  ARE   ACTUATED   EITHER  COMPLETELY 
OR  PARTIALLY   BY  HYDRAULIC   POWER 


FAIRMONT  RAILWAY  MOTORS,  INC.,  FAIRMONT,  MINNESOTA  56031 
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A  CDMPLEX 
CROSSING 


i'*-       Thisll9lb.  R.E.  rail 
complex  crossing, a  crossing 
within  a  crossing,  is  an  example  of  the 
highly  technical  engineering  and 
craftsmanship  developed  by  Nelson  Iron 
Works  to  meet  industrial  railroad  track 
requirements. 

We  specialize  in  the  manufacturing  of 
railroad  track  material,  such  as  frogs,  switches 
and  crossings. 

Complete  Trackwork  Catalog  available  on 
request  —  no  obligation. 


INELSON, 


iRon  wiroitKS.  inrc 


Mailing  address:  P.O.  Box  80816,  Seattle,  Wa.  98108 
.3423  Thirteenth  Ave.  S.W.,  Seattle,  Wa.  98134 
Telephone:  (206)  623-3800 
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PETTIBONE 


A  complete  line  of  frogs,  switches 
and  trackwork  specialties. 


Equipment  for  track  maintenance  and  materials  handling. 

'3f 


Multikranes 
**     7/2  to  35  tons 
Truck-Kranes  15  to  80  tons 


A  complete  line  of  Pettibone 
Mercury  lift  trucks  and  tow 
tractors. 

Hydro  Mower  brush  cutters. 


Speed   Swing 

models   441-B   &   442-B 


PETTIBONE  CORPORATION 

233  S.  Wjcker  Dr.    Siiilc  5700 
ChicaRO.  III.  60606 
.!  12;  876-061 8 

PETTIBONE    OHIO    CORP. 

6917  Bessemer  Ave. 
Cleveland.  Ohio  44127 
216/641-4000 
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TIE-SAVR  .  .  . 

EFFECTIVE  SOLUTION  TO 
AN  AGE-OLD  PROBLEM 


Easy  reclamation  process  adds  five  to  eight  years 
to  spilte-kilied  ties. 

Our  new  spike  hole  lillet  is  proving  lo  be  a  real  winner'  Now  readily  available,  it's 
rapidly  replacing  wooden  dowels  as  the  standard  method  of  repairing  spike-killed 
trackage 

A  dry.  granular  compound.  Tie-Savr  results  from  a  formula  that  includes  a  wood 
preservative,  a  petroleum  byproduct,  and  various  other  chemicals  Two  lo  three 
ounces  fill  the  average  oversize  spike-killed  hole 

Heat  generated  by  re-spikmg  causes  the  Tie-Savr  to  plasticize  and  firmly  interlock 
with  the  wood  fibers  inside  the  spike  hole- Adherence  to  the  spike  metal  itself  is 
assured  by  chemical  reaction  as  the  cooling  process  takes  place  Therefore.  80 
percent  of  the  original  spike-to-lie  bond  is  achieved  and  sustained  from  five  to 
eight  years.  (One  railroad  customer  expects  eight  to  ten  years  per  lie.) 

Tie-Savr  virtually  insures  important  maintenance  of  way  savings  .  in  replacement 
lies,  tie  gang  fabior  costs,  and  lost  operational  lime. 

Want  to  know  more?  Call  or  write  RACIfME  RAILROAD  PRODUCTS.  INC 
1524  Frederick  Street,  PC,  Box  4003.  Racine.  Wl   53404,  Phone:  414-637-9681 


JIES/VVR 

ncine 


=AT.  PENDIN.; 


5a€BS.NETViT 
MATEBIAL  TO  BE  USED  ASS :: 


272-12 


Advertisement 


Plasser  Undercutter/Cleaner  RM  74  U 

With  the  Plasser  RM  74  U  a  new  dimension  is  added  to  Ihe  capabilities 
of  ballast-undercutting  and  cleaning  machines.  The  RM  74  U  not  only 
undercuts  plain  track  and  excavates,  cleans  and  restores  the  ballast  but 
it  has  special  capabilities  that  permit  it  to  work  through  turnouts.  These 
capabilities  are  provided  as  the  result  of  supplementary  links  that  can  be 
inserted  in  the  undercutting  chain.  By  adding  8  or  9  of  these  links  the 
undercutting  width  can  be  extended  to  22  feet  so  that  the  machine  can 
work  its  way  into  a  turnout  from  the  switch  to  the  point  where  20  inches 
to  28  inches  separate  the  ends  of  ties  in  the  main  track  from  those  in  the 
side  track.  The  additional  lengths  are  then  removed  and  the  machine 
continues  on  its  way.  This  capability  enables  the  machine  to  start  on  a 
turnout  from   the  wide  end  as  well  as  the  narrow    (facing   point)    end. 

Features  of  the  RM  74  U,  including  a  high  capacity  screen  for  cleaning 
the  ballast,  are  such  that  it  has  a  designed  production  of  nearly  20,000 
cubic  feet  of  ballast  per  hour.  When  the  machine  is  operating  on  super- 
elevated   curves   the   screen   can   be   maintained   in   a   horizontal   position. 

If  desired  the  RM  74  U  may  be  equipped  with  a  track-lifting  and  lining 
device.  It  may  also  be  adapted  for  placing  a  blanket  of  sand  under  the 
ballast   section. 

Designers  of  the  RM  74  U  gave  special  attention  to  the  safety  and 
comfort  of  the  operator.  Soundproofing  of  the  engine  housing  and  cabins, 
and  rubber  sheeting  covering  the  ballast  excavating  and  screen  unit  reduce 
noise  to  a   minimum   level. 

Plasser  American  Corporation 

2001    Myers  Road,  Chesapeake,  Virginia  23324,    (804)    543-3526 
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peep  Injection 

0^0^  STABILIZATION        I 

OF  HIGH  FILLS ^ 

Deep  seated  subgrade  problems  a  cost  effec-  ■HBRS||^9^| 
can  be  treated  with  Woodbine's  tive  basis.  ^^^SSI^SIKiiM 
new  deep  injection  system.  Lime  At  Woodbine  we  have  the  depth 

Slurry  or  other  pozzolanic  grouts  to  call  on  when  special  problems 
can  be  injected  to  depths  of  demand  a  different  approach. 
40' or  more.  Injections  are  Give  us  a  call  and  utilize  our 
continuous  considerable 

without  requir-      llinnilDIIIC  experience  —  a 

ing  connec-  WUUUdIIiL  2510  DECATUR  AVE.  combined  total 
tions.  therefore      ^       ^  FORT  WORTH,  of   more  than 

in-place   deep      ^       H^      ^  TEXAS  76106  igo   years    in 

stabilization  4Hliyi1  ^^^^^^^^^^^^'^'^^^^      lime   stabiliza- 

can  be  done  on  tion. 


L  R  S 
Continuous  Welded  Rail 


We  will  furnish  everything  for  Cropping  and  Welding 
All  we  need  is  a  level  site  and  a  pile  of  rail 


LEWIS  RAIL  SERVICE  COMPANY 

1949  Green    Road  Cleveland,  Ohio  44121 

(216)    486-7583 
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Square  Pattern 

Size  Range: 

%'-10thru  1%'-6 


Heavy  Hex  Pattern 

Size  Range: 

y«'-16  thru  4"-4 


SECURITY  Railoc  Locknuts 

assure  "Fail-Safe"  Railroad  performance! 


Our  unique  Spring  Steel  locking  insert  grips  and 
locks  the  bolt  TIGHTLY— where  other  devices  FAIL! 


SECURITY  Locknuts  are  made 
specifically  for  use  on  track,  switch- 
es, bridges,  frogs,  scales,  retarders, 
diamonds,  and  other  railroad  ap- 
plications. Plated  finishes  and  spe- 
cial alloys  are  available  for  use  at 
locations  subject  to  unusual  corro- 
sive conditions. 

SECURITY  Locknuts  are  manu- 
factured in  compliance  with  Asso- 
ciation of  American  Railroad  Spe- 
cification M-922-68,  as  well  as 
IFI-100  Fastener  Standards. 

Stocked  IN  DEPTH 
for  immediate  delivery 


•  Absolutely  Vibration-Proof 

•  Heat-Resistant  to  750  F 

•  Unlimited  Reusability 

•  Lowest  Maintenance  Cost 

•  Resist  Corrosion,  Severe  Cold 

•  Rugged  All  Metal  Construction 


SECURITY 

LOCKNUT  INC. 


9134  Belden  Ave. 
Franklin  Park,  III.  60131 
Phone:  (312)  455-0551 


KERITE 
CABLE 


Kerite  has  stood  the  test  of  time,  not  only  in  the 
laboratory  but  where  it  counts. ..in  use.  Kerite, 
the  cable  that  lasts. ..and  lasts. ..and  lasts... 

THE  KERITE  COMPANY 


PRINCIPAL  OFFICES:  Atlanta:  Boston:  Chi- 
cago; Houston:  Los  Angeles:  San  Fran- 
cisco: and  Seymour,  Connecticut  •  Sales 
Representation  throughout  the  United 
States.  A  subsidiary  of  Harvey  Hubbell 
Incorporated. 


H's  the  KERITE  insulation  that  makes  the  difference 
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FINALLY,  THE  ALL-PURPOSE  CROSSING 
SYSTEM...FROM  TRUE  TEMPER. 


END  CAPS    lock  and  secure  field 
and  gauge  side  modules  ai  tx)lh  ends 
ol  crossing  installalion 


GAUGE  SIDE  MODULES    lully 
supported  10  provide  a  smoolh  ride 
tor  vehicular  traffic 


FIELD  SIDE  MODULES  provide 
level  approacfi  to  apron  and  road 
surface 


COMTOUH  MOLDED-  to  fit  rail 
profile  and  provide  maximum  seal 
and  minimum  contaminaliO'^  on  fietd 
and  gauge  sides 


SECURE  tieavy  duly  bolls  provide 
solid  installation  and  eliminate  shift 
creep  and  lift 


ENGINEERING  FABRIC 

acts  as  barrief  to  sand  and  fine  soil 
particles  to  keep  rock  ballast  clean 
and  promote  even  and  continuous 
drainage  the  length  of  the  crossing 


ENGINEERING  FABRIC 

aids  soil  stabilization  and  equal 
distribution  of  crossing  traffic  loads. 


After  more  than  live  years  of  research,  development  arxj 
experience  in  the  field,  we  have  designed  and  engineered 
a  nxidular  grade  crossing  system  ideally  suited  for  all 
crossing  situations  .  . .  rural,  urban  and  industrial. 

The  True  Temper  modular  grade  crossing  system  is  con- 
structed of  an  extremely  uniform,  high-density  polyethelene 
struclurai  foam,  that  is  pressure  molded  to  exacting  dimensions 
arxj  rigid  quality  standards  It  features  integrally  molded  flange- 
ways  on  the  gauge  side  modules  v»ith  a  compensating  recess 
on  field  side  modules  for  worn  wheels  In  addition,  it  does  not 
require  modification  at  the  site,  and  is  suitable  for  use  on  tan- 
gent track  as  well  as  curves  for  all  rail  sizes 

The  True  Temper  system  is  strong  easy  to  install  requires 
minimum  maintenance  stands  up  lo  all  kinds  ol  weather, 
wear  and  heavy  crossing  traffic  volume  and  is  easily  adapt- 
able to  your  particular  installation  requirements 


I  RUE  lEMPER 

A  WILKINSON  MAJCH  CiHUUF  COM^'A^y 


For  detailed  information  and  technical  data  aoout  True 
Temper  s  modular  grade  crossing  systems  fill  out  the  coupon, 
or  call  us        (216)696-3366 


MAIL  TODAY! 

I  want  lo  find  out  more  atxiut  crossing  systems 

Mail  information  and  literature 

Have  a  representative  call 
True  Temper  Corp..  Railway  Appliance  Division 

1623  Euclid  Avenue,  Cleveland,  Ohio  441 15 


Name  _ 
Title  _ 


I 

I      Company . 

I 

I 


Address  _ 
City 


Telephone  . 


Represented  in  Canada  by  Vale  Enterprises.  Ltd..  3/5  Bord  du  Lac.  Dorval.  Quebec.  H9S  2A5.  tel:  (514)  636-1026 
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The  Allegheny  Insulated  Rail  Joint 

Designed  to  withstand  the  heaviest  traffic 
in  welded  rail 


This  modern  joint  cements  roil  ends  in  position  and  thereafter 
resists  all  forces  imposed  by  temperature  and  simultaneous  forces 
of  live  loads  to  move  them. 

This  joint  makes  welded  rail  truly  continuous.  It  promises  you  years 
of  service  without  maintenance  costs.  It  reduces  rail  and  wheel  batter 
to  a  previously  unknown  minimum.  It  employs  the  safety  of  steel  splice 
bars.  It  can  be  assembled  in  the  shop  or  field.  It  has  been  tested  in 
service  and  AAR   laboratories.  It  saves  you   lots  of  money. 

Allegheny  Drop  Forge  Company 

Subsidiary  of  Tasa  Corporafion 
2707  Preble  Avenue  •  Pittsburgh,  Pa.   15233 


Advertisement 
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The  One  Shot  Automatics 


ONE  PULL 

of  the    cycle 
lever  operates: 


Model  EJDAG  tealures  shoulder  lacks  Delia 
Levellrng  System  and  Aulo-Graphlmer  A  one 
operatoi  fully  automatic  16  tool  pfoduclion  tamper  lor 
track  maintenance  and  new  construction 


V 


Model  ESTDAG  features  the  Torsion  Beam,  Delia 
Levelling  System  and  AutoGraphlmer  A  fully  auto- 
matic 16  fool  tamper  that  can  tamp  lift  and  line  a 
switch  with  only  one  operalor 


Downfeed 
Squeeze-in 

Upfeed 
and 

squeeze- 
out 

Lifting  & 
lining 

Forward 
travel 


Ail  in  sequence — Automatically 


Ease  of  operation  through  automatic  control 
insures  the  highest  consistency  and  uniformity  in 
tamping,  levelling  and  lining. 

The  MARK  II  SERIES  TAMPER 
Models  of  simplicity. 

ONE  OPERATOR— ONE  CONTROL 


Additional  information  from 


©ANRON 


tSB^T'-'^^^--^ 


HEAD  OFFICE  &  PLANT-2401  Edmund  Rd. 
West  Columbia  (Columbia),  S.C.  29169 
803/794-9160 
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LORAM'S  ALL  AMERICAN 

TRACK  TEAM 


36  AND  24  STONE  RAIL  GRINDERS 


Modern 
Maintenance 
of  Way 
Equipment 

...designed 
to  do  the  job 
better,  easier 
and  at  less  cost 

—  with  your 
men 
or  ours  — 

in  record  time! 


AUTOTRACK  WITH  PLOW  AND  SLED 


THE  WINNING  TEAM  FOR  TRACK  REHABILITATION  PROGRAMS 
LORAM  RAILWAY  MAINTENANCE  EQUIPMENT  FOR: 

•  Shoulder  Ballast  Cleaning  •  Raising  Track  •  Resurfacing  • 
Reballasting  •  Replacing  Ties  •  Undercutting  •  Ballast  Cleaning 

•  Crib  Skeletonizing  •  Rail  Grinding  Single  or  Multiple  track  • 
Mainline  or  Yard  tracks 

CONTRACT.  SALE  or  LEASE 


FOR  FULL  DETAILS 
OR  SHOWING  OF 
OPERATING  FILMS. 
WRITE  OR  CALL  TODAY 


LORAM  1  MAINTENANCE  OF  WAY,  INC. 


3900  Arrowhead  Drive  •  Hamel.  MN  55340  USA 
PHONE   (612)  478-60U  •  TELEX:  29-0391:  Cable.  LORAM 


Advertisement 
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Try  this  with 

the  tie  plates  you're 

using  now. 


Chances  are  you  cant  because 
conventional  tie  plates  weigh 
about  20  pounds  each.  But  the 
ones  above  average  only  one 
pound  each!  They're  the  highly 
durable,  polyethylene  tie  plates 
tfom  Koppers. 

Weigh  Less,  Cost  Less.  That  s 
right.  They're  1  /20th  the  weight 
of  the  lie  plates  you  re  probably 
using  now.  For  you.  this  means 
greatly  reduced  freight  costs  .  .  . 
and  much  easier  handling  for 
your  trackmen.  What  about  price'' 
For  more  direct  savings.  Koppers 
polyethylene  tie  plates  cost  less 
than  todays  conventional  tie 
plates 


Two  types  of  Lightweight 
Heavyweights.  Koppers  now  has 
readily  available  the  single- 
shouldered  or  double-shouldered 
lie  plate  for  sidings  and  industrial 
track.  With  some  limitations,  the 
double-shouldered  tie  plate  can 
also  be  used  for  branch  lines  and 
main  lines. 

Tested  and  Proven.  Extensive 
tests  were  conducted  at  Koppers 
Research  Center  using  a  Tie 
Wear  Machine  designed  and 
developed  by  the  Association  of 
American  Railroads.  After  many 
years  of  simulated  wear  by  the 
machine,  there  was  no  damage  to 
the  tie  plates  or  to  the  load 


bearing  area  of  the  tie  under  the 
plates.  And  after  over  6  years  of 
successful  field  testing  on 
some  of  the  nation's  leading 
railroads,  these  high  density 
polyethylene  lie  plates  have 
more  than  proven  their  dufability. 
corrosion  and  weather-resistance. 

Readily  Available.  Because 
our  tie  plates  are  available,  you 
wont  have  to  plan  far  in  advance 
when  ordering.  To  find  out  how 
little  time  it  would  take,  ask  tor 
our  complete  Tie  Plate  Informa- 
tion Kit  by  writing  to  Koppers 
Company,  Inc  ,  Forest  Products 
Division.  1900  Koppers  Building, 
Pitlbburqn,  PA  15r'l<j 

KOPPERS 
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Advertisement 


A  DOZEN  (and  one)  WAYS  to 

IMPROVE  your  M/w  PROGRAM 


Kcals  adds  5  lo  8 


PLUS  A  FULL  SELECTION  OF  HYDRAULIC  TOOLS  MfMecR 

m  ii' 


i 


RAILROAD  PRODUCTS,  INC. 
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Report  of  Committee    16 — Economics  of  Plant, 
Equipment  and   Operations 
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Committee 

(E)   Member  Emeritus. 

Those  whose  names   are   shown   in  boldface,   in   addition  to  the  chainiian,   vice   chairman   and 
secretary,  are  the  subcommittee  chairmen. 

To  the  American  Railway  Engineering  Association: 

Your  committee  reports  on  the  following  subjects: 

B.   Revision  of  Manual. 

This  committee  will  have  material  ready  for  inclusion  in  the  coming 
year. 

3.  Determination  of  factors,  including  various  traffic  volumes,  affecting 
maintenance  of  way  expense  and  effect  of  using  such  factors,  in  tenns 
of  equated  mileage  or  other  derived  factors,  for  allocation  of  available 
funds  to  maintenance  of  way,  collaborating  as  necessary  or  desirable 
with  Committees  11  and  22. 

(a)  Additional  maintenance  cost  due  to  operating  100-ton  unit  trains. 
Supplemental  report  ready  for  publication  regarding  unit  train 
operation. 
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4.  Economic  evaluation  of  methods  for  reducing  the  probaljiht\  of 
derailments. 

The    subc-ommittee    is    now   proceeding    with    the    solicitation    of   data 
from  various  railroads  regarding  procedures  on  reporting  of  derailments. 

5.  Economic-s  of  freight  cars  with  characteristics  approaching  the  limits 
of  accepted  designs. 

The  subcommittee  is  continuing  to  collect  data  and  pertinent  informa- 
tion regarding  design  and  use  of  specialized  cars. 

6.  Factors   in\ol\ed   in   rationalization   of  railway  systems. 

The   subcommittee  has  decided  to  keep  the  subject  open  and  re\iew 
made  of  previous  studies  and  papers  pertaining  to  this  subject. 

7.  Applications  of  industrial  engineering  functions  to  the  railroad  industrj-. 
Knowing  that  the  role  of  the  industrial  engineer  in  the  railroad  indus- 
try is  ever  changing  and  used  for  many  different  functions,  the  sub- 
committee now  feels  that  a  survey  is  necessary,  and  will  proceed  to 
de\elop  a  comprehensive  report  covering  the  scope  and  functions  of 
industrial   engineering  in  our  industry. 

The  Committee  on  Economics  of  Plant,  Equipment  and  Operation, 

T.  C.  Nordquist,  Chairman. 
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Committee 


Those   whose   names   are   shown   in   boldface,   in   addition   to   the   chairman,   vice   chainnan  and 
secretary,  are  the  subcommittee  chairmen. 

To  the  American  Railway  Engineering  Association: 

Your  committee  reports  on  the  following  subjects: 

B.   Revision  of  Manual. 

PresentK-  in  the  process  of  revising  the  manual. 

2.  Statistical  Data  for  Coupled-in-motion  Weighing  and  Testing. 

PresentK-   involved  in  obtaining  statistical  data  for  coupled  in  motion 
weighing  and  testing  with  final  report  in  the  coming  year. 

4.  Metric  Planning  for  Track   Scales. 

Report  to  be  completed  in  the  coming  year. 

5.  Investigate  Tank  Car  Weighing. 

No  completion  date  has  been  established.   Their  report  will  l>e  sub- 
mitted when  sufficient  data  has  been  obtained. 

The  Committee  on  Scales, 

H.  E.  Buchanan,  Chairman. 
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CoDiniittee 


( E )    Member  Emeritus. 

Those   whose   names   are   shown   in   boldface,   in    addition   to   the   chairman,   \ice   chairman   and 
secretary  are  the  snhcommittee  chairmen. 

To  the  American  Hailudy  Engineering  Association: 

Your  coiuniitti'f   reports  on   the  following  subjects: 

B.   Revision  ol  Manual. 

Revisions  to  Specifications  for  Steel  Railway  Bridges  submitted  for 
adoption  were  published  in  Bulletin  670,  November-December  1978. 

1.  De\elop  Criteria  for  the  Design  of  Unloading  Pits,  Collaborating  with 
Committees  7  and  8. 

Revisions  to  Specifications  for  Design  of  Unloading  Pits  submitted 
for  adoption  were  published  in  Bulletin  670,  November-December 
1978. 

2.  ()'.)taiii  Data  from  Which  the  Frequency  of  Occurrence  of  Ma.ximum 
Stress  in  Steel  Railwa>  Bridges  May  be  Determined  Under  Service 
Loading. 

No  report. 
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3.  Develop  Design   Specifications  for  Walkways  on  Bridges. 
No  report.  Assignment  terminated. 

7.  Bibliography  and   Technical   Explanation  of  Various   Requirements  in 
AREA  Specifications  Relating  to  Iron  and  Steel  Structures. 
Revisions    to    Specifications    submitted    for    adoption    were    published 
in  Bulletin  670,  November-December  1978. 

10.  Continuous   Welded    Rail   on    Bridges,   Collaborating   as   Necessary   or 
Desirable   with   Committee   5. 


No  report. 


The  Committee  ox  Steel  Structures, 

D.  S.  Bechly,  Chairman. 
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Comm,ittee 

(E)    Member  Emeritus. 

Those   whose  names   are   shown   in  boldface,   in   addition  to  the  chairman,   vice   chairman   and 
secretar\,  are  the  subcommittee  chainnen. 

To  the  American  Railway  Engineering  Association: 

Your  committee  reports  on  the  following  subjects: 

B.  Revision  of  Manual. 
No  report. 

2.  Bibliography. 
No  report. 

3.  Office  and  Drafting  Practices. 

Progress    report,    presented    as    information    page  280 

4.  Special  Studies. 

5.  Application   of  Data  Processing,  Collaborating  as  Xece.ssar\    or  Desir- 
able with  Committees  16  and  32. 

6.  \'aluation  and  Depreciation. 

7.  Revisions  and  Interiiretations  of  ICC  Accounting  Classifications. 

All  three  assignments  are  to  be  dropped  and  merged  into  new  assign- 
ments   1   and  4. 

The  Committee  on  Engineering  Recoiu)s  and  Property  Accounting, 

L.  F.  Grabowski,  Chairnmn. 
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Commitfee   11 — Engineering   Records  and 
Property  Accounting 

Report   on   Assignment  3 

Office  and  Drafting  Practices 

W.  C.  Kanan  (chairman,  subcommittee),  W.  V.  Eller,  S.  P.  Hoffman,  J.  W.  Kelly, 
C.  E.  Lee,  J.  L.  Manthey,  M.  F.  McCorcle,  F.  S.  Mitchell,  J.  M.  Raxdles, 
V.  E.  Smith,  T.  H.  Stevenson. 

This  is  final  report  of  a  three  phase  assignment  of  \our  Committee,  presented 
as  information. 

Phase  I — Status  of  AFE  Projects 

1.  Final   report,    Bulletin   650,   Page   262,   November-December    1974. 

2.  Recommended  for  Manual  adoption  Bulletin  650,  Page  224  and  adopted  in 
1975. 

Phase  II — Field  Reporting  Requirements  for  Roadway  Completion  Report  Purposes 

1.  Final   report   Bulletin  661,   Page   346,  January-February   1977. 

Phase  III — Preparation  of  Roadway  Completion  Reports 

Introduction 

The  roadway  completion  report  has  now  become  familiar  to  practicalK  all 
railroad  engineers  and  propert\'  accounting  personnel.  It  is  essentialK'  an  engineer's 
report  showing  the  details  of  units,  quantities  and  costs  of  construction  projects. 
Although  it  was  originally  prescribed  by  a  mandatory  order  of  die  Interstate  Com- 
merce Commission,  it  has  now  become  an  essential  corporate  record  used  for  man\' 
purposes;  particularly  in  connection  with  property  control  records,  depreciation, 
income  ta.x  benefit  reports,  retirements,  insurance,  corporate  financing,  ad  valorem 
taxes,  etc. 

Requirements 

Interstate  Commerce  Commission  \'aluation  Order  Xo.  3 — Second  Re\  ised 
Issue — Regulations  and  Instnictions  to  go\ern  the  recording  and  reporting  of  all 
extensions  and  impro\ ements  or  other  changes  in  physical  propert>'  of  e\ery  common 
carrier,  effective  January  1,  1919  and  amended  April  6,  1934,  provides  under  Sec- 
tion  17,  Completion  Reports,  as  follows: 

As  each  change  affecting  roadway  property  is  turned  over  to,  or  retired  from 
operation,  and  as  common  carrier  property  is  transferred  from  one  owner  to  anodier, 
a  Completion  Report  shall  be  prepared  to  record  the  details  of  each  such  change. 
(Under  Valuation  Order  Xo.  3 — Second  Rexised  Issue,  the  Commission,  by  illustra- 
tive exhibit,  indicated  the  desirable  form  to  be  used.)   Each  Roadway  Completion 
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Report  shiJl  show  the  following: 

Reference  to  tlie  authority  for  expenditure. 

The  significant  facts  of  ownership  and  operation. 

The  location  of  the  property  change. 

A  description  of  the  property  change. 

By  whom  the  costs  invoked  are  borne. 

An   envuneration   by  primary  accounts  of  units   added. 

Aggregate  cost,  but  not  cost  per  unit,  unless  work  was  done  by  contract  at  a 

price  per  unit,  in  which  case  unit  contract  price  shall  be  given.  Aggregate  cost 

of  propert>-  added  and  retired  shall  be  distributed  by  constituent  parts  or  items 

of  property  under  each  primary  account. 

Cost  of  effecting  property  retirements  shall  be  distributed  b>-  priniiu-y  accounts. 

Descripti\e   detail   of   the   property   units    retired   and   their   costs,    and   of   any 

valuation  section,  in  whole  or  in  part,  released  and  their  costs. 

Classification   of   the   property   changes   and   of   the   costs   in\ol\cd   among  the 

appropriate  accounts. 

If  Completion  Reports  are  prepared  by  other  than  the  carrier  that  owns  the 
property  in  which  the  change  is  made,  the  pertinent  facts  of  the  circumstance  shall 
be  stated. 

Wliere  roadway  or  structural  changes  are  effected  under  contract  and  are  paid 
for  in  a  lump  sum,  a  list  of  units  involved  in  tlie  change,  if  not  obtainable  other- 
wise, shall  be  secured  by  an  inventory  of  the  property  change.  The  amount  paid 
under  the  contract  shall  be  distributed  to  the  accounts  to  which  the  property  is 
classified  in  the  inventory. 

If  portion  of  an  authorized  change  is  turned  over  to  operation  before  com- 
pletion of  the  project  as  a  whole,  "progressive"  completion  reports,  referenced  as 
such  and  numbered,  shall  be  prepared  to  record  the  portion  of  the  changes  that 
have  been  brought  into  operation.  The  report  that  records  die  conclusion  of  the 
authorized   change  shall  be  designated  as  the  "final"  completion  report. 

For  the  puipose  of  establishing  a  uniform  manner  of  recording  and  reporting 
the  details  of  each  change  affecting  roadway  property,  die  I.C.C.  ordered  that  such 
changes  be  in  accordance  with  the  list  of  property  units  described  in  "Rexised 
Supplement  No.  4  to  Valuation  Order  No.  3  Second  Revised  Issue,"  which  was 
effective  January  1,  1933. 

With  the  passing  of  time,  each  carrier  has  attempted,  or  has  made  modifica- 
tions in  the  detail  requirements  of  valuation  order  No.  3  to  suit  its  corporate  needs 
and  still   fulfill   the  requirements  of  order  No.  3. 

General 

A  questionnaire  was  submitted  to  each  railroad  member  of  committee  11 
requesting  information  on  handling  data  on  the  roaduay  completion  report  in 
specific  problem  areas,  which  resulted  in  replies  from   10  railroads. 

All  roads  indicate  that  labor  overheads  on  additions  or  capital  in\estment  labor 
is  capitalized  for  book  purposes  and  all  but  3  roads  capitalize  for  tax  pur],ioses.  The 
roadway  completion  report  labor  overheads  are  set  out  separatel>-  so  that  when 
future  retirements  are  made  Uie  portion  representing  railroad  retirement  and  unem- 
ployment tax  are  coded  to  indicate  they  have  been  expensed  for  tax  purposes  when 
installed. 
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Depreciable  property  installations  and  retirements  are  coded  as  Mich  on  the 
completion  report  for  easy  identification  especially  for  those  accounts  which  are 
partially  depreciable  and  nondepreciable;  i.e.,  account  1  engineering,  account  3 
grading,  account  4  other  right-of-way  expenditures,  account  5  tunnels  and  sub- 
ways, and  account  .39,  public  improvements — construction. 

Two  roads  reported  their  roadway  completion  reports  were  mechanized,  and 
all  others  prepared  manually  with  mechanized  input  to  the  imderlying  documentation. 

All  roads,  but  one,  discontinued  the  restatement  of  betterments  for  track  ac- 
counts 9,  10  and  11  since,  by  I.C.C.  order,  the  books  of  account  were  adjusted  to 
the  valuation  records. 

All  but  three  roads  indicate  that  they  separate  engineering  report  and  \  .o.  3 
retirements  on  the  completion  report  for  the  track  accounts,  except  for  betterments. 

Six  carriers  reported  that  they  have  a  system  for  the  allocation  of  recorded 
valuation  cost  for  track  retirements. 

One  carrier  indicated  equipment  rental  is  capitalized  for  compan>  ouned 
equipment  on  company  projects.  Other  carriers  indicated  this  is  done  only  when 
it  is  known  the  machine  will  be  used  up  on  the  project,  then  the  entire  value  of  the 
machine  is  capitalized  as  part  of  the  cost  of  the  project.  Payments  made  to  others 
for  equipment  use  on  capital  projects  are  capitalized. 

Regarding  the  question  of  capitalizing  rail  welds  for  CWR  rail.  One  carrier 
reported  that  the  welding  cost  for  CWR  is  added  to  the  inventory  carrying  \alue 
for  rail.  Thus  when  CWR  is  consumed,  the  welding  cost  is  included  at  a  price  per 
lineal  foot.  For  retirements,  the  average  cost  per  track  foot  is  used.  Another  carrier 
reported  a  record  is  kept  of  welding  cost  and  number  of  welds,  and  cost  reported 
separately  in  account  9-rail,  on  the  roadway  completion  report.  A\erages  are  not 
used  for  retirement.  All  welds  are  capitalized,  with  plant  and  field  reported  sepa- 
rately. One  other  carrier  reported  actual  plant  welding  cost  is  accumulated  on  an 
annual  basis  and  the  average  cost  per  weld  is  used  for  estimating  and  current  year 
roadway  completion  reports  and  is  stated  separately  under  account  9.  Field  welds 
are   charged   direct  to  AFE   and   recorded  separately  on  completion  report. 

Conclusion 

The  roadwaj'  completion  report  is  the  basic  propert\-  record  and  is  used  to  post 
the  record  of  propert>'  change  and  can  be  used  as  tlie  property  record  itself.  On 
the  carriers  that  have  the  roadway  completion  report  mechanized,  it  pro\ides  the 
basic  data  for  the  propert\    master  file. 
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(E)    Member  Emeritus. 

Those   whose   names   are   shown   in  boldface,   in   addition  to  the  chairman,  vice  chairman  and 
secretary,    are   the   subcommittee   chairmen. 

To  the  American  Railway  Engineering  Association: 

Your  committee  reports  on   the  following  subjects: 

B.  Revision  of  Manual. 

The  committee  reviewed  several  changes  at  its  last  meeting  relative 
to  introduction,  part  1  generally  and  part  2  freight  and  yard  terminals. 
This  is  required  as  an  ongoing  process  which  subcommittee  Chairman 
Chabot  will  monitor. 

1.  Fire  Prevention  in  Yards. 

This  subcommittee  had  been  without  a  chairman  for  a  number  of 
months.  This  problem  was  recently  solved  when  John  Beirne  of 
the  Illinois  Terminal  Railroad  volunteered  to  take  over.  It  is  expected 
that  tliis   assignment  can  be  completed  in  the  Spring  of  1980. 

2.  Bulk   Material   Handling  Systems. 

Part  3  to  this  su])ject  is  presently  being  developed,  parts  1  and  2 
have  previously  been  reported  on.  It  is  expected  that  subcommittee 
Chairman  Jim  Zaenger  will  complete  the  work  this  spring. 

3.  Terininal  Facilities  for  Handling  Solid  Waste  Material  from  an  Ecol- 
ogy Standpoint. 

This  subject  has  ])een   dropped. 
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4.  Car  Rollability  Research. 

This  subject  has  been   combined  with  subject  no.   10. 

5.  Trends  in  Intermodal  Facilities. 

Chairman  Bishop  is  presently  checkinj;;  with  the  National  Information 
Center  and  the  FRA  in  Washington  for  additional  information.  I 
expect  to  have  a  report  on  this  subject  for  the  committee's  review 
at  the  March  1979  meeting. 

6.  Guidelines  for  Intertrack  Drainage  and  Surface  Construction  in  Yards. 

Chairman  Hagan  submitted  a  preliminary  report  which  was  reviewed 
and  discussed  at  the  June  1978  committee  meeting.  It  is  expected  that 
the  final  report  will  be  revised  and  ready  for  the  March  1979  meeting. 

7.  Yard  System  Design  for  Two-Stage  Switching. 

Chairman  Christenson  submitted  a  report  to  his  subcommittee  and 
should  have  comments  back  and  a  final  report  available  for  the  March 
1979  meeting. 

8.  Grades   in   Yards   with  Tangent  Point  Retarders. 

Chaimian  Schoelvver  submitted  a  report  for  consideration  at  the 
October  meeting.  He  requested  that  all  those  reviewing  the  report 
pass  their  comments  on  to  him  so  that  he  may  submit  the  report  for 
informational  purposes  at  the  March  1979  meeting. 

9.  Bibliography. 

Subcommittee  Chairman  Anderson  has  been  in  contact  with  Wash- 
ington and  has  determined  that  he  can  obtain  an  avalanche  of  infor- 
mation through  the  Railroad  Research  Information  Service.  Anderson 
indicated  at  the  October  meeting  that  there  are  some  400  to  450 
articles  related  to  yards  and  terminals  and  that  the  information  can 
be  retrieved  at  the  cost  of  $25  per  item  or  a  total  cost  of  behveen 
.$100  and  $125.  He  will  pursue  the  matter  with  the  FRA  and  report 
again  at  the  next  meeting. 

10.  Cooperate    with    DOT    Transportation    Systems    Center   on    Study    of 
Methodical  Design  of  Classification  Yards. 

Subcommittee  Chairman  Price  reported  that  the  Phase  I  intermodal 
report  is  done  and  has  recently  been  printed.  He  has  secured  copies 
and  forwarded  them  to  each  member  of  the  subcommittee. 

A  meeting  was  held  October  30,  1978  in  Philadelphia  with  representa- 
tives from  Transportation  Systems  Center,  SRI,  FRA,  tlie  subcom- 
mittee and   interested  railroad  representatives. 

The  Committee  on  Y.xrds  .\Nn  Terminals, 

P.  C.  White,  Chairman. 
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(E)    Member   Eiiieritiis. 
"  Retired  January   1,    1979. 

Those   whose   names   are   sho«n   in   boldface,   in   addition  to   the   chainnan   and   \  ice  chairman, 
iire   the  subcommittee   chairmen. 

To  the  American  Railway  Engineerinfi  Association: 

Your  committee  reports  on  the  following  subjects: 

B.   Rt\ision  of  Manual. 

"Part  2 — Reinforced  Concrete  Design,"  and  "Part  4 — Pile  Founda- 
tions," were  presented  as  Manual  material  in  AREA  Bidletin  670. 
November-December  1978.  "Part  5 — Retaining  W^alls  and  Abutments" 
is  presented  for  Manual  material  on  page  287. 

1.   Design  of  Masonry  Structures,  Collaborating  as  Necessary  or  Desirable 
with  Committees  1,  5,  6,  7,  15,  and  28. 

Chainnan  J.  R.  Moore  completed  a  redraft  of  "Part  2 — Reinforced 
Concrete  Design"  and  it  was  presentc^l  for  Manual  material  in  Bulle- 
tin 670,  November-December  1978.  This  subcommittee  has  been 
assigned   the   new   topic   "Precast   and/or  prestressed   concrete   compo- 
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nents  for  use  in  construction,  maintenance,  or  repairs  and  restoration 
of  railway  bridges,  trestles,  and  culverts"  and  began  its  first  con- 
sideration of  this  assignment  at  the  September  1978  Committee  Meet- 
ing in  St.  Louis. 

2.  Foundations  and  Earth  Pressures,  Collaborating  as  Necessary  or  Desir- 
able with  Committees   1,  6,  7,  and  15. 

Chairman  G.  W.  Cooke  completed  a  redraft  of  "Part  4 — Pile  Founda- 
tions," and  it  was  presented  for  Manual  material  in  Bulletin  670, 
November-December  1978.  "Part  5 — Retaining  Walls  and  Abutments" 
is  presented  in  this  issue  as  Manual  Material  on  page  287.  This  sub- 
committee is  presently  working  on  a  redraft  of  "Part  10 — Reinforced 
Concrete  Culvert  Pipe,"  is  reviewing  "Part  18 — Elastomeric  Bearing 
Pads,"  and  preparing  for  a  new  assignment  on  Earthquake  loading. 
In  addition  this  subcommittee  has  completed  its  assignment  to  redraft 
"Part  12 — Concrete  Poles"  and  this  is  now  ready  to  submit  as  Manual 
Material. 

3.  Waterproofing  for  railway  structures,  collaborating  as  necessary  or 
desirable  with  Committees  6,  7,  and  15. 

Chainnan  J.  M.  Williams  is  continuing  its  study  of  materials  used  in 
waterproofing  for  railway  structures,  and  has  no  target  date  for  com- 
pletion  of  this   work. 

4.  Prec-ast  and/or  prestressed  concrete  components  for  use  in  construction, 
maintenance,  or  repairs  and  restoration  of  railway  bridges,  trestles,  and 
culverts. 

No  report. 

5.  Pier  protection  (fender  systems)  at  spans  on  navigable  streams,  col- 
laborating  as   necessary   or  desirable  with  Committees  7   and   15. 

Chairman  T.  R.  Kealey  has  completed  its  assignment  "Pier  Protection 
(fender  systems)  at  Spans  on  Navigable  Streams"  and  this  will  be 
submitted  for  Manual  Material  as  soon  as  editing  and  retyping  has 
been  completed.  This  subcommittee  has  been  given  the  new  assign- 
ment "Strengthening  existing  masonry  structures,  and  repair  and  restora- 
tion of  existing  masonry  structures  to  restore  original  structural 
capacity  and  durabilit>'"  and  l^egan  its  first  consideration  of  this  assign- 
ment  at   the   September   1978   Committee   Meeting  in   St.   Louis. 

6.  Strengthening  existing  masonry  structures,  and  repair  and  restoration 
of  existing  masonry  structures  to  restore  original  structural  capacity  and 
durability. 

No  report. 

The  Committee  on  Concrete  Structures  and  Founo.ations, 

J.   \\'.   DkX'ali.e,  Cliairtuan. 
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Manual   Recommendations 
Report  on   Assignment  2 

Part  5 
Retaining  Walls  and  Abutments 

^SPECIFICATIONS  FOR  DESIGN  OF  RETAINING  WALLS 
AND  ABUTMENTS 

1977 
5.1  DEFINITIONS 

5.1.1   Types  of  Retaining  Walls  and  Abutments 

A  retaining  wall  is  a  structure  used  to  provide  lateral  support  for  a  mass  of 
soil  which,  in  turn,  may  provide  vertical  support  for  loads  acting  on  or  within 
the  soil  mass. 

The  principal  types  of  retaining  walls  are  as  follows: 

a.  The  gravity  wall,  which  is  so  proportioned  that  no  reinforcement  other 
than   temperature   steel   is   required. 

b.  The  semi-gravity  wall,  which  is  so  proportioned  that  some  steel  reinforce- 
ment is  required  along  the  back  and  along  the  lower  side  of  the  toe. 

c.  The  cantilever  wall,  which  has  a  cross  section  resembhng  an  L  or  an 
inverted  T,   and  which  requires  extensive  steel  reinforcement. 

d.  The  counterfort  wall,  which  consists  of  a  reinforced  vertical  face  slab  sup- 
ported laterally  at  intervals  by  vertical  reinforced  counterforts  extending 
into  the  backfill,  and  supported  by  a  reinforced  base  slab  which  usually 
projects  in  front  of  the  face  slab  to  form  a  toe. 

e.  The  buttress  wall,  which  is  similar  to  the  counterfort  wall  except  that  the 
vertical  members,  called  buttresses,  are  exposed  on  the  face  of  the  wall 
rather  than  buried  in  the  backfill. 

f.  The  crib  wall,  which  consists  of  an  earth-filled  assembly  of  individual 
structural  units,  and  wliich  relies  for  its  stability  on  the  weight  and  strength 
of  the  earth  fill.  The  design  of  such  walls  is  treated  in  the  AREA  Specifi- 
cations for  Crib  Walls,  Part  6,  this  Chapter. 

An  abutment  commonly  consists  of  a  retaining  wall  that  incorporates  a 
bridge  seat  in  its  face.  It  may  also  Ix-  of  the  spill-through  tyijc,  however,  in  which 
the  bridge  .seat  rests  on  horizontal  beams  supported  by  piles  or  columns  between 
which  the  fill   is   permitted   to  extend. 


'  Rfftreiues,  Vol.  18,  1917,  pp.  85,  1564;  Vol.  28,  1927,  pp.  1055,  1453:  Vol.  52  1951 
p.  384;  Vol.  54,  1953,  pp.  798,  1342;  Vol.  58,  1957,  pp.  633,  1182;  Vol.  .59,  1958,  pp.  676' 
1188;    Vol.    62,    1961,    pp.    438,    860. 

"Latest  pajie  consist:  1  and  2,  15  and  16  (1966);  3  and  4,  7  and  8  (1961);  5  and  6 
13    and    14,    17    and    18    (1958);    9   to    12,   incl.,    (1953). 
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5.2  INFORMATION  REQUIRED 

5.2.1  Field  Survey 

Sufficient  information  shall  be  furnished,  in  the  form  of  a  profile  and  cross- 
sections  or  a  topographic  map,  to  determine  the  structural  requirements.  Present 
grades  and  alinements  of  tracks  and  roads  shall  be  indicated,  together  with  the 
records  of  high  water,  low  water,  and  depth  of  scour,  the  location  of  underground 
utilities,  and  information  concerning  any  structures  that  may  affect  or  be  affected 
by  the  construction. 

5.2.2  Subsurface  Exploration 

For  specifications   concerning  this  topic,   see   Part  22  of  this  Chapter. 

5.2.3  Controlling  Dimensions 

Information  shall  be  asseml^led  concerning  clearances,  proposed  grades  of 
tracks  and  roads,  and  all  other  factors  that  may  influence  the  limiting  dimensions 
of  the  proposed  structure. 

5.2.4  Loads 

Loads  to  be  superimposed  either  on  the  wall  or  abutment,  or  on  the  backfill, 
shall   be  indicated. 

5.2.5  Character  of  Backfill 

Backfill  is  defined  as  all  material  behind  the  wall,  whether  undisturbed 
ground   or  fill,   that  contril>utes   to   the   pressine   against   the  wall. 

The  backfill  shall  be  investigated  and  classified  with  reference  to  the  follow- 
ing soil  types: 

TYPES  OF  BACKFILL  FOR  RETAINLXG  WALLS 

Tvpe 

1.  Coarse-grained  soil  without  admixture  of  fine  soil  particles,  very  free- 
draining   (clean  sand,  gravel  or  broken  stone). 

2.  Coarse-grained  soil  of  low  permeability  due  to  admixtuic  oF  particles  oi 
silt  size. 

3.  Fine  silty  sand;  granular  materials  with  conspicuous  cla\-  content;  or  residu.il 
soil  with  stones. 

4.  Soft  or  very  soft  clay;  organic  silt;  or  soft  silty  clay. 

5.  Medium  or  stitt  clay  that  may  be  placed  in  such  a  \\a\  that  a  negligible 
amount  of  water  will  enter  the  spaces  between  the  chunks  during  floods  or 
heavy  rains. 

Types  4  and  5  backfill  shall  be  used  only  with  permission  of  the  Engineer. 

5.2.6  Character  of  Foundation 

The  character  of  the  foundation  material  shall  be  in\estigatcd  as  specified 
under  Sec.  B,  Art.  4  of  the  AREA  specifications  for  the  Design  of  Spread  Footing 
Foundations,   Part   3   of  this  Chapter. 
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5.3  COMPUTATION  OF  APPLIED  FORCES 

5.3.1  Loads  Exclusive  of  Earth  Pressure 

In  the  analysis  of  retaining  walls  and  abutments,  due  account  shall  be  taken 
of  idl  superimposed  loads  carried  directly  on  them,  such  as  building  walls, 
columns,  or  bridge  structures;  and  of  all  loads  from  surcharges  cause<l  by  rail- 
road tracks,  highways,  building  foundations,  or  other  loads  supported  on  the  fill 
back  of  the  walls. 

In  calculating  the  surcharge  due  to  track  loading,  the  entire  load  shall  lie 
taken  as  distributed  uniformly  over  a  width  equal  to  the  length  of  the  tie.  Impact 
shall  not  be  considered  unless  the  bridge  bearings  are  supported  by  a  structural 
beam,  as  in  a  spill-through  abutment. 

5.3.2  Computation  of  Backfill  Pressure 

V^alues  of  the  unit  weight,  cohesion,  and  angle  of  internal  friction  of  die 
backfill  material  shall  be  determined  directly  by  means  of  soil  tests  or,  if  the 
expense  of  such  tests  is  not  justifiable,  by  means  of  the  following  table  referring 
to  the  soil  types  defined  in  Section  5.2.5.  Unless  the  minimum  cohesive  strength 
of  backfill  material  can  be  evaluated  reliably  the  cohesion  shall  be  neglected  and 
only  the  internal  friction  considered.   See  chart  on  page  8-20-9. 

Unit  Weight        Cohesion  c 
Soil  Lb  per  Lb  per  Angle  of 

Type  Cu  Ft  Sq  Ft  Internal  Friction 


1 

105 

0 

2 

110 

0 

3 

125 

0 

4 

100 

0 

5 

120 

240 

33' 


42'   (38°  for  broken  stone) 
30° 
28° 

0 

0 


The  magitude,  direction  and  point  of  application  of  the  backfill  pressure 
shall  be  computed  on  the  basis  of  appropriate  values  of  the  unit  weight,  cohe- 
sion and  internal  friction,   by  means  of  one  of  tlie  following  procedures. 

When  the  backfill  is  assumed  to  be  cohesionless;  when  the  surface  of  the 
backfill  is  or  can  be  assumed  to  be  plane;  when  there  is  no  surcharge  load  on 
the  surface  of  the  backfill;  or  when  the  surcharge  can  be  converted  into  an  equiva- 
lent uniform  earth  surcharge,  Rankine's  or  Coulomb's  formulas  may  be  used 
under  the  conditions  to  which  each  applies.  Formulas  and  charts  given  in 
Appendix  A  and  the  trial  wedge  methods  given  in  Appendix  B  are  both 
applicable. 

When  the  l)ackfill  cannot  he  considered  cohesionless,  wlien  the  surcharge  on 
the  backfill  is  irregular,  or  when  the  surcharge  cannot  be  couNcrted  to  an  e(iui\'a- 
lent  uniform  earth  surcharge,  the  trial  wedge  methods  illustrated  in  Appendix  B 
should  be  used. 

If  the  wall  or  abutment  is  not  more  than  20  ft  liigli  and  if  the  backfill  has 
l)een  classified  according  to  Sec.  B,  Art.  4,  the  charts  given  in  Appendix  C  may 
be  used. 

If  tlie  surcharge  is  of  a  lesser  width  than  the  height  of  the  wall,  a  more  satis- 
factory design  can  be  obtained  by  the  use  of  the  trial  wedge  methods  gi\en  in 
Appendix  B. 
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If  the  wall  or  abutment  is  prevented  from  deflecting  freely  at  its  crest,  as  in 
a  rigidframe  bridge  or  some  types  of  U-abutments,  the  computed  backfill  pressure 
shall   be   increased   25   percent. 

In  spill-through  abutments,  the  increase  of  pressure  against  the  columns  due 
to  the  shearing  strength  of  the  backfill  shall  not  be  overlooked.  If  the  space  be- 
tween columns  is  not  greater  than  twice  the  width  across  the  back  of  the  c-olumns, 
no  reduction  in  backfill  pressure  shall  be  made  on  account  of  the  openings.  No 
more  than  the  active  earth  pressure  shall  be  considered  as  the  resistance  offered 
by  the  fill  in  front  of  the  abutment.  In  computing  the  acti\'e  earth  pressure  of 
this  fill,  the  negative  or  descending  slope  of  the  surfac-e  shall  be  taken  into 
consideration. 

If  local  conditions  do  not  permit  the  construction  of  drains  and,  conse- 
quently, water  may  accumulate  behind  the  wall,  the  resulting  additional  pressure 
shall  be  taken  into  account.  Consideration  should  also  be  given  to  the  eventual 
plugging  of  the  drains  due  to  infiltration  of  soil. 

5.4  STABILITY  COMPUTATION 

5.4.1  Point  of  Intersection  of  Resultant  Force  and  Base 

The  resultant  force  on  the  base  of  a  wall  or  abutment  shall  fall  within  the 
middle  third  if  the  structure  is  founded  on  soil,  and  within  the  middle  half  if 
founded  on  rock,  masonry  or  piles.  The  resultant  force  on  any  horizontal  section 
above  the  base  of  a  solid  gravity  wall  should  intersect  this  section  within  its 
middle  half.  If  these  requirements  are  satisfied,  safety  against  overturning  need 
not  be  investigated. 

5.4.2  Resistance  Against  Sliding 

The  factor  of  safety  against  shding  at  the  base  of  the  structure  is  defined  as 
the  sum  of  the  forces  at  or  above  base  level  available  to  resist  horizontal  mo\-e- 
ment  of  the  structure  divided  by  the  sum  of  the  forces  at  or  above  the  same 
level  tending  to  produce  horizontal  movement.  The  numerical  \'alue  of  this 
factor  of  safety  shall  be  at  least  1.5.  If  the  factor  of  safety  is  inadequate,  it 
shall  be  increased  by  increasing  the  width  of  the  base,  by  the  use  of  a  key,  by 
sloping  the  base  upward  from  heel  to  toe,  or  by  the  use  of  batter  piles. 

In  computing  the  resistance  against  sliding,  the  passive  earth  pressure  of  tlie 
soil  in  contact  with  the  face  of  the  wall  shall  be  neglected.  The  frictional  resist- 
ance between  the  wall  and  a  non-cohesive  subsoil  may  be  taken  as  the  normal 
pressure  on  the  base  times  the  coefficient  of  friction  of  masonry  on  soil.  For 
coarse-grained  soil  without  silt,  f  may  be  taken  as  0.55;  for  coarse-grained  soil 
with  silt,  0.45;  for  silt  0.35. 

If  the  wall  rests  upon  clay,  the  resistance  against  sliding  shall  l>e  based 
upon  the  cohesion  of  the  clay,  which  may  be  taken  as  one-half  the  unconfined 
compressive  strength.  If  the  clay  is  \ery  stiff  or  hard  the  surface  of  the  ground 
shall  be   roughened   before   the   concrete   is   placed. 

If  the  \\'all  rests  upon  rock,  consideration  shall  be  given  to  such  features  of 
the  rock  structure  as  may  constitute  surfaces  of  weakness.  For  concrete  on  sound 
rock  the  coefficient  of  friction  may  be  taken  as  0.60. 

The  factor  of  safety  against  sliding  on  other  horizontal  surfaces  below  the 
base   shall  be   in\estigated   and  shall   not  be   less   than   1.5. 
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5.4.3  Soil  Pressure 

The  allowable  soil  pressure  l^eneath  the  footing  shall  be  determined  in 
accordance  with  AREA  Specifications  for  the  Design  of  Spread  Footing  Founda- 
tions, Part  3,  this  Chapter. 

5.4.4  Settlement  and  Tilting 

The  soil  pressures  determined  in  accordance  with  Sec.  5.4.3  provide  for  ade- 
quate safety  against  failure  of  the  soil  beneath  the  structure.  If  the  subsoil  con- 
sists of  soft  clay  or  silt  it  is  necessary  to  determine  the  compressibility  of  the  soil 
and  to  estimate  the  amount  of  settlement. 

If  the  compressibility  of  the  subsoil  would  lead  to  excessive  settlement  or 
tilting,  the  movement  can  be  reduced  by  designing  the  wall  so  that  the  resultant 
of  the  forces  acting  at  the  base  of  tlie  wall  intersects  the  base  near  its  midpoint. 

If  the  pressure  on  a  subsoil  containing  fairly  thick  layers  of  soft  clay  or 
peat  is  increased  by  the  weight  of  the  backfill,  the  wall  may  tilt  backward  because 
of  the  compression  of  the  clay  or  peat.  The  tilt  may  be  estimated  on  the  basis 
of  a  knowledge  of  the  compressibility  of  the  subsoil.  If  the  tilt  is  likely  to  be 
excessive,  it  is  advisable  to  use  backfill  of  lightweight  material,  to  replace  tlie 
backfill  by  a  structure,  or  otherwise  to  change  the  type  of  construction  so  as  to 
a\oid   overloading   the   subsoil. 

5.4.5  Progressive  Creep  or  Movement 

If  the  weight  of  the  backfill  is  greater  than  one-half  the  ultimate  bearing 
capacity  of  a  clay  subsoil,  progressive  movement  of  the  wall  or  abutment  is  likely 
to  occur,  irrespective  of  the  use  of  a  key,  a  tilted  base,  or  batter  piles.  In  such 
cases,  it  is  advisable  to  use  backfill  of  hghtweight  material,  to  replace  the  backfill 
by  a  structure,  or  otherwise  to  change  the  type  of  construction  so  as  to  avoid 
overloading  the  subsoil. 

5.5  DESIGN  OF  BACKFILL 

5.5.1  Drainage 

The  material  immediately  adjacent  to  the  wall  should  I)e  non-cohesi\e  and 
free  draining.  Cinders  shall  not  be  used.  If  a  special  back  drain  is  installed,  the 
grain  size  of  the  drain  shall  be  coarse  enough  to  permit  free  flow  of  water,  but 
not  so  coarse  that  the  fill  material  may  ultimately  move  into  it  and  clog  it.  Where 
economical,  it  is  preferable  that  free-draining  material  Ix;  used  within  a  wedge 
behind  the  vsall  bounded  liy  a  plane  rising  at  60  deg  to  the  horizontal.  Water  from 
the  free-draining  material  shall  be  removed,  preferably  by  horizontal  drain  pipes 
or  by  weep  holes.  Horizontal  drain  pipes,  if  used,  shall  be  not  less  than  8-in. 
diameter  and  shall  be  installed  in  such  a  position  that  they  will  function  prop- 
erly. Such  drains  shall  be  accessible  for  cleaning.  Weepholes  are  considered 
less  satisfactory  than  horizontal  drains.  If  used,  thc>'  shall  lia\e  diameters  not 
less  than  6  in.  and  shall  Ix;  spaced  not  over  10  ft. 

5.5.2  Compaction 

The  backfill  shdl  preferably  be  placed  in  layers  not  to  exceed  12  in.  thick- 
ness. Each  layer  shall  Ix^  compacted  before  placing  the  next,  but  overcompaction 
shall  be  avoided. 
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No  dumping  of  backfill  material  shall  be  permitted  in  such  a  \va>-  that  the 
successive  layers  slope  downward  toward  the  wall.  The  layers  shall  be  horizontal 
or  shall  slope  downward  away  from  the  wall. 

5.6  DETAILS  OF  DESIGN  AND  CONSTRUCTION 

5.6.1  General 

The  principles  of  design  and  permissible  unit  stresses  for  walls  and  abut- 
ments shall  conform  to  the  Specifications  for  Design  of  Plain  and  Reinforced 
Concrete  Members,  Part  2,  this  Chapter,  with  the  modifications  or  additions  in 
the  following  paragraphs. 

The  width  of  the  stem  of  a  semi-gravity  wall,  at  the  level  of  the  top  of  the 
footing,  shall  be  at  least  one-fourth  of  its  height.  Abutments  shall  be  of  the 
gravity   or  semi-gravity  type. 

The  base  of  a  retaining  wall  or  al)utment  supported  on  soil  shall  be  located 
below  frost  line,  and  in  no  case  at  a  depth  less  than  3  ft  below  the  surface  of 
the  ground  in  front  of  the  toe.  The  base  shall  be  located  below  the  anticipated 
maximum  depth  of  scour.  Where  this  is  not  practicable  the  base  shall  l^e  sup- 
ported  by   piles   or   other   suitable   means. 

To  prevent  temperature  and  shrinkage  cracks  in  exposed  surfaces,  not  less 
than  0.25  sq.  in.  of  horizontal  metal  reinforcement  per  foot  of  height  shall  be 
provided,  irrespective  of  the  type  of  wall.  Consideration  shall  be  given  to  provid- 
ing  additional   reinfoicement   above   horizontal   joints. 

The  backs  of  retaining  walls  and  abutments  shall  be  damp-proofed  by  an 
approved  material. 

At  horizontal  joints  between  the  bases  and  stems  of  retaining  vvalK.  raised 
keys  are  considered  preferable  to  depressed  keys.  The  unit  shearing  stress  at  the 
base  of  such  a  key  shall     not  exceed  0.25f'c. 

Vertical  keyed  joints  shall  be  placed  not  oxer  60  ft  apart  to  take  care  of 
temperature  changes.  They  shall  be  protected  b\  membrane  waterproofing  or 
noncorrosive  water  stops. 

The  walls  above  the  footings  shall  be  cast  as  units  between  expansion  joints, 
unless  construction  joints  are  formed  in  accordance  with  the  proxisions  ot  these 
specifications. 

The  heels  of  cantilever,  counterfort  and  buttress  retaining  walls  shall  be 
proportioned  for  maximum  resultant  vertical  loads,  but  when  the  foundation 
reaction  is  neglected  the  permissible  unit  stresses  shall  not  be  more  than  50 
percent    greater    than    the    normal   permissible   stresses. 

5.6.2  Cantilever  Walls 

The  unsupported  toe  and  heel  of  the  base  slabs  sliall  each  be  considered 
as   a   cantilever   beam   fixed   at   the  edge   of   the   support. 

The  vertical  section  shall  be  considered  as  a  cantile\er  beam  fixetl  at  the  top 
of  the  base. 

5.6.3  Counterfort  and  Buttress  Walls 

The  face  walls  of  counterfort  and  buttress  walls  and  parts  of  base  slalvs  sup- 
ported by  the  counterforts  or  buttresses  shall  be  designed  in  accordanc-e  with   the 
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requirements  for  a  continuous  slab,  Specifications  for  Design  of  Plain  and  Reiii- 
force<l  Concrete  Members,  Part  2,  this  Chapter.  Due  allowance  shall  Ix'  made 
for  the  effect  of  the  toe  moment  on  shears  and  bending  moments  in  the  heel  sla])s 
of  counterfort  walls. 

Counterforts  shall  be  designed  in  accordance  with  the  re<iuirements  of 
T-beams.  Stirrups  shall  be  provided  to  anchor  the  face  slabs  and  the  heel  slabs 
to  the  covmterforts.  These  shall  be  proportioned  to  carry  the  end  shears  of  the 
slabs.  Stirrups  shall  be  U-shaped  with  their  legs  in  the  counterforts,  and  shall 
extend  as  close  to  the  exposed  face  of  the  face  walls  and  tlie  bottom  of  base 
slabs  as  the  requirements  for  protective  covering  permit.  It  is  desirable  to  run 
reinforcing  bars  through  the  loops  of  the  U. 

Buttresses  shall  be  designed  in  accordance  with  the  requirements  for  rec- 
tangular beams. 

Appendix  A 

EARTH  PRESSURE  FORMULAS  FROM  RANKINE-COULOMB  THEORIES 

The  following  fonnulas  are  applicable  only  to  materials  that  may  be  consid- 
ered cohesionless. 

Cases  to  3  are  for  \ertical  walls  without  heels.  The  pressure  P  is  the  same 
as  the  pressure  on  a  vertical  plane  in  the  backfill.  Vertical  walls  with  heels  come 
under  Cases  4  to  6. 

Cases  4  to  6  are  for  walls  with  heels.  The  wall  may  be  \ertical  or  ma\'  lean 
forward,  or  may  lean  backward  as  long  as  the  upper  edge  of  the  back  of  the  wall 
is  in  front  of  the  vertical  plane  through  the  edge  of  the  heel. 

Cases  7  to  9  are  for  walls  without  heels.  Walls  with  heels  come  under 
Cases  4  to  6  as  long  as  the  upper  edge  of  the  back  of  the  wall  is  in  front  of  the 
vertical  plane  through  die  edge  of  the  heel;  if  the  upper  edge  of  the  back  of  the 
wall  extends  back  of  the  vertical  plane  through  the  edge  of  the  heel,  the  prob- 
lem can  be  solved  by  combining  the  solutions  of  Cases  4  to  6  and  7  to  9. 

For  walls  leaning  forward  or  walls  with  the  base  extending  into  the  backfill 
the  pressure  of  the  backfill  on  a  vertical  plane  through  the  back  of  the  heel  of 
the  wall  is  to  l>e  combined  with  the  weight  of  backfill  contained  between  this 
vertical  plane  and  the  back  of  the  wall. 

For  walls  leaning  toward  the  backfill  the  resultant  pressure  P  will  be  horizontal 
for  a  wall  without  surcharge,  or  for  a  wall  with  uniform  surcharge,  if  the  surface 
of  the  backfill  is  horizontal,  and  will  make  an  angle  X  with  the  horizontal  for  a 
wall  with  a  sloping  smcharge.  The  \alues  of  ^  will  vary  from  5^  where  the  wall 
is  vertical,  to  zero,  where  Rankine's  theory  shows  that  the  resultant  pressure  is 
horizontal.  Values  of  X  and  values  of  K,  where  P  =:  M  wh'K,  are  given  in  Dia- 
gram 10. 

Appendix  B 

TRIAL   WEDGE   METHOD  OF   EARTH   PRESSURE  CO.MPUTATIOxN 

The  trial  wedge  method  is  applicable  for  backfills  of  soils  possessing  cohesion, 
internal  friction,  or  both;  for  backfills  having  any  configinaticm  of  ground  surface; 
and  for  surcharges  located  at  any  position  on  the  backfill.  The  procedure,  illus- 
trated  in   Fig.    1,   is   outlined   as   follows: 
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Computation  of  Total  Pressure 

1.  Make   scale  drawing   of  wall   with  backfill   and  any  surcharge  loads. 

2.  Locate  surface  AB  against  which  earth  pressure  is  to  be  computed.  For 
walls  with  heels  use  vertical  section  as  shown  in  Chart  1,  Fig.  1.  For  walls 
without  heels  use  back  of  wall  as  shown  in  Chart  2. 

3.  Establish  direction  of  earth  pressure  with  respect  to  line  AB,  by  the  pro- 
cedure described  below. 

4.  Compute  depth  ho   of  tension   cracks  if  soil  has  cohesion. 

5.  Draw  boundaries  of  trail  wedges  BCl,  BD2,  etc.,  wherein  BC,  BD,  etc., 
are  assumed  plane  surfaces  of  sliding. 

6.  Compute  weights  of  successive  wedges  ABCl,  ABD2,  etc.,  including  any 
surcharge  acting  on   the  ground   surface  within  the  limits   of  each  wedge. 

7.  Lay  off  weight  vectors  for  successive  wedges. 

8.  Compute  total  cohesion  of  each  surface  of  sliding  BC,  BD,  etc. 

9.  Lay  off  cohesion  vectors  from  lower  ends  of  weight  \ectors,  each  parallel 
to  the  surface  of  sliding  on  which  it  acts. 

10.  From  end  of  each  cohesion  vector  draw  line  parallel  to  earth  presser  P. 

11.  From  point  B  in  force  diagram  lay  off  radial  lines  BC,  BD,  etc.,  each  mak- 
ing an  angle  0  with  the  normal  to  its  respective  surface  of  sliding  ( as 
force  R  on  surface  BF). 

12.  Locate  intersections  of  vectors  R  with  corresponding  lines  drawn  in  step 
10  and  connect  intersections  with  smooth  cur\'e.  This  is  the  earth  pressure 
locus. 

1.3.  Detennine  maximum  distance  between  line  TT'  and  the  earth  pressure 
locus,  measured  parallel  to  line  of  action  of  P.  This  distance  represents 
the  active  earth  pressure  P. 

Direction  of  Pressure  P 

For  walls  with  heels,   the  following  procedure  is   applicable: 

1.  Determine    height   h    of   wall,    measured   from   point   a. 

2.  Locate  point  b   on   the   surface  of   the  backfill   at  a   distance  2h   measured 
horizontally  from  a. 

3.  Draw  line  ab. 

4.  Take   direction   of   resultant   earth   pressure   P   as   parallel   to   line   ab. 

For  walls  without  heels,  where  AB  is  the  back  of  the  wall,  take  angle  0 
equal  to  -:i  0. 

Point  of  Application  of  Pressure 

The  point  of  applic-ation  of  the  resultant  pressure  P  can  be  obtained  by  deter- 
mining the  appro.ximate  pressure-distribution  diagram.  Fig.  1.  The  procedure  is  as 
follows: 

1.  Subdi\ide  the  line  BB'  into  about  4  equal  parts  hi  below  the  depdi  h.  of 
tension  cracking. 
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2.  Compute  the  active  earth  pressures  Pi,  Pa,  Ps,  etc.,  as  if  each  of  the  points 
C,  D',  E',  etc.,  were  at  the  base  of  the  wall.  The  trial  wedge  method  is 
used  for  each  computation. 

3.  Determine  the  a\eraj^e  pressures  Pi,  P-,  etc.,  over  each  distance  B'C, 
CD',  etc.,  as  indicated  in  Fig.   1. 

4.  Determine  the  elevation  of  the  centroid  of  this  approximate  pressure  dia- 
gram. This  is  the  approximate  elevation  of  the  point  of  application  of  the 
resultant  earth  pressure  P. 

If    the    backfill    may   be    considered   cohesionless,    die   point   of   application    of 
pressure  may  be  obtained  as  follows: 

a.  Determine  the  center  of  gravity  of  the  eardi  and  ballast  in  the  wedge 
between  the  plane  of  rupture  and  the  vertical  plane  passing  through  die 
heel  of  the  wall  (Chart  1)  or  the  back  of  die  wall   (Chart  2),  Fig.  1. 

b.  Assume  the  center  of  gra\ity  of  the  surcharge  loads  to  be  located  at  the 
surface  of  the  backfill. 

c.  Determine  the  center  of  gravity  of  the  combined  loads  and  draw  a  line 
from  this  point  parallel  to  the  plane  of  rupture  to  a  point  of  intersection 
with  the  vertical  plane  through  the  heel  of  the  wall  ( Chart  1 )  or  tlie  back 
of  the  wall   (Chart  2),  Fig.  1. 
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(E)    Member  Emeritus. 
"  Died  January    1979. 

Those    whose    names    are    shown    in    boldface,    in    addition    to    the    chairman,    vice    chairman 
and   secretary,    are   the    subcommittee   chairmen. 

To  the  American  Railway  Engineering  Association: 

Your  committee  reports  on  the  following  subjects: 

A.  Recommendations  for  Further  Study  and  Research. 
No  report. 

B.  Revision  of  Manual. 
No  report. 

1.  Metric  Gon\ersion. 
No  report. 

2.  Cross  and  Switcii  Ties. 
No  report. 

3.  Wood  Preservatives. 
No  report. 

4.  Preservative  Treatment  of  Forest  Products. 
No  report. 
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5.  Service  Records  of  Forest  Products. 

The  annual  tie  renewal  statistics  as  compiled  by  the  Economics  and 
Finance  Department,  AAR,  were  published  as  an  advance  report  in 
Bulletin  669,  September-October  1978.  As  additional  information  for 
this  subcommittee,  on  pages  299—301  are  three  (3)  tables  showing  esti- 
mated wood  cross  and  switch  tie  requirements  for  the  next  live  (5) 
years. 

6.  Collaborate  with  AAR  Research  Department  and  Other  Organizations 
in  Research  and  Other  Matters  of  Mutual  Interest. 


No  report. 


The  Committee  on  Ties  and  Wood  Preservation, 

E.  M.  CuMMiNGS,  Chairman. 
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DIRECTORY   CONSULTING    ENGINEERS 


FRANK   R.  WOOLFORD 

Engineering    Consultant — Railroads 

24   Josepiia    Ave. 

San    Francisco,  Co.   94132 

(415)  587-1569 

246   Seadrift    Rd. 

Stinson   Beach,  Ca.  94970 

(415)  868-1555 


HAZELET  &  ERDAL 

Consulting   Engineers 

Design  Investigations         Reports 

Fixed    and    Movable   Bridges 

150  So.  Wocker  Dr.,  Chicago,  III.  60606 
louUvllle  Qncinnortl 


Hack 


RAILROAD   /    RAPID    TRANSIT    ELECTRI  F  I  CATI  Of>l 
O    FEASIBILITY    STUDIES       o       SYSTEM    DESIGN 
O    UTILITY    IMPACT    STUDIES       o       POWER   CONTROL 
O    SUB    STATION    DESIGN       O      CATENARY    DESIGN 
O   STRUCTURES    o   TELECOMMUNICATION    INTERFERENCE 
O    PROJECT   yJVNAGEKENT      O      QUALITY    ASSURANCE 
65:0  nixcriEsrnoAi).  SUITE  7oti.HYATTSviui.E.'.Hj  7(1 /M.' 
Telephone;  (301)  7  79  686B    Telex:  89-8387 


WHITMAN,  REQUARDT 
&  ASSOCIATES 

Engineers  Consultants 

Complete  Engineermg  Services 

BALTIMORE,  MARYLAND 


MODJESKI  AND  MASTERS 

Consulting  Engineers 
FIXED    &    MOVABLE    RAILROAD    BRIDGES 

Design       •      Inspection  of  Conshuctlen 

Machinery      •     Electrical   Work 

Inspection,   Maintenance,   Rating, 

Strengthening 

Rehabilitation     •     Reconstruction 

P.O.   BOX  2345 

HARRISBURG,    PA.    17105 

New  Orleans,  La.  Washington,  D.C. 

Poughkeepsie,  N.Y.  Chicago,  III. 


® 


enviroDvne 
encineers 


222  West  Ad»m<  St.    Ctilcago,  Illinois  60606 

(312)263-0114 

A  Professional  Consulting  Services  Firm 

Transportation  •  Environmental 

Food  Engineering* Energy*  Civil/Sanitary 

Systems  Studies  and  Design 

offices  in  principal  U.S.  cities 


Complete     railroad 
engineering,  Construction 
and   fabrication  services. 


I  MORRISON-KNUDSEN  COMPANY.  INC. 
Railroad  Division 
Two  Morrlson-Knudsen  Plaza 
P.O.  Box  760B,  Boise,  Idaho  83729,  USA 
Phono:  (208)  345-5000 


Railroads    •    Rapid  Transit 

Electric  Traction   Power 

Signals  and   Train   Control 

Communications    •   Substations 

Operations  Analysis   and  Simulation 

Power  Generation    •    Urban   Planning 

GIbbs  a  Hili  Inc. 

ENGINEERS,  DESIGNERS.  CONSTRUCTORS 

393  S«v«nth  Avenus,  New  York,  N.Y.   10001 

A  Subsidiary  of  Drove  Corporation 


302-1 


302r-2 


Directory  of  Consulting  Engineers 


g^Cannett  Fleming 

!^>l  Cofdcky  and  Carpenter ,  Inc. 

Consulting  Engineers 

Railroad  Mass  Transit 

Bridges  •  Tunnels  •  Inspection 

Maintenance  Facilities 

Repair  Shops  •  Equipment 

Trackwork  •  Yards 

Environmental  Studies 

P.O.  Box  1963  •  Harrisburg,  PA  17105 

Regional  Offices  Located  in  14  Other  Cities 


IIARDESTY  &  HANOVER 

Consultlnc  Enflneers 

BRIDGES  —  FIXED  and  MOVABLE 

HIGHWAYS  and  RAILWAYS 

SPECIAL  STRUCTURES 

Detlin,  Inspection,  Valuatloa 

101   rarK  Avenut  Mew  York,  H.Y.  1M17 

Jersey  City.  N.J. 


ROBERT  W.  HUNT  COMPANY* 

INSPECTION  C  LABORATORY  TESTING.  SERVICES 

Rail,  Trackwork,  Rolling  Stock  s.  Structural  Inspection 

Serving  The  Railroad  Industry' Worldwide 

Since  1888 
26  U.S.  Locations,  8  in  Europe  ^  U.K.- 
Headquarters:   810  S.  Clinton  Street  ■ 
Chicago,  Illinois  60607 
312/922-0872 
Telex:  25-3176 


SOROS  ASSOCIATES 

CONSULTING  ENGINEERS 


PLANNING 

DESIGN 

SUPERVISION 


PORT  DEVELOPVIENT 
BULK  HANDLING  SYSTEMS 
OFFSHORE  TERMINALS 


(S12)  sae  S700   575  lexington  ave. 

TELEX   22^953  NEW  YORK.  NY  10022 

.423473  CABLE    BULKONSULT 


SAN  FRANCISCO 


SANTIAGO 


DeLEUW 
GATHER 


De  L«uw.  Gather  A  C«Mpaay 
ConsuHing  Engineers  and  PtofwieffS 
>es  West  Wachrr  Drive    •    Criic»9e.  WbMii  I 


Worid-WMc  consuMmg  senrices  in: 
Highways    •  Trvnatt   •    >toW>»«^ 
Industrial  Facilities 
Water  artd  Waste  E»iginseri«g 
Environments!  mnd  Community  Plannii 


CLARK,  DIETZ  -  ENGINEERS,  INC. 

A  CRS  DESIGN  ASSOCIATES,  INC.  COMPANV 

211  North  Race  Street,  Urbana.  Illinois  61801 

services: 

Railroad  Relocation.  Industrial  Wastet,  Foundallans, 

Structures,  Bridget 

Offices  in: 
Richmond.  IN 
Carbondale.  II. 
Memphis,  TN 
St.  Louis,  MO 
Chicago,  IL 
Sanlord,  FL 
Jackson,  MS 


)irta(£teiilla®Iffi 

Parsons  Brinckerhoff  CENTEC,  Inc. 
Railway  Consultants 

8224  Old  Courthouse  Road 

Vienna.  Virginia  221 80  •  703-790-8040 

OnePenn  Plaza 

New  York.  New  York  1  0001  •  21 2-239-7900 

30  National  and  International  Offices 
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SHANNON  &  WILSON,  INC. 

Geotechnical  Consultants 

Soil  &  Rock  Mechanics  •  Seismic  Response 

Foundation  Engineering  •  Instrumentation 

Geology  &  Geophysics  •  Hydrogeology  •  Archaeology 

Seattle  •  Portland  •  San  Francisco 

Spokane  •  Fairbanks  •  St.  Louis  •  Houston 


URS 


POUI/nON  CONTROt 


INVIRONMfNT 


ALFRED  BENESCH 
&  COMPANY 

CONSULTING   ENGINEERS 

233   NORTH  MICHIGAN  AVENUE 

CHICAGO,  ILLINOIS  60601 

Railroads  —  Highways  .^  Airports 

Bridges  —  Buildings  —  Subways 

Raports  —  Construction  Observation 


.^iS^^^    Pittsburgh  Testing  Laboratory 


50  Laboratories  in  Principal  Cities 
HeaOquarters:  PinsOurgh,  Pennsylvania 
(4'12)  922-4000 
F.    A.     Ferrell 
Nationwide  Inspection— Testing— Analysis 


HOWARD  J.  BELLOWS 

ESTIMATING  CONSULTANT 
FOR  TRACKWORK 

Railroads  &   Rapid  Transit  Sytfemt 

725  DALRYMPLE  ROAD 

Apt.  2-E 

ATLANTA,  GA.  30328 

404-393-0390 


Engineers  Architects  Planners 

Booker  Associates,  Inc. 

1139  Olive  St. 
St.  Louis,  Mo.  63101 

343  Waller  Avenue 
Lexington,  Ky.  40504 

200  Warburton  Oaks  Dr. 
Washington,  D.C.  20022 


SVERDRUP  &  PARCEL  AND  ASSOCIATES.  INC. 

800  No.  Twelfth  Blvd.  •  St.  Louis.  Mo.  63101 

Boston  •  Charleston  •  Gainesville  •  Jacksonville 
Nashville  •  New  York  •  Phoemx  •  San  Francisco 
Seattle      •      Silver  Spring      •      Washington,  D.C. 

•  design 

•  planning 

•  construction 
managemenf 

CONSULTING  ENGINEERS 


SPAULDING  ENGINEERING  CO. 

CONSULTING  ENGINEERS 

MEMBER 

AMERICAN  CONSULTING   ENGINEERS  COUNCIL 

1821    UNIVERSITY   AVENUE 

ST.   PAUL,   MINNESOTA  55104 

PHONE   612/644-5676 
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HARRINGTON  &  CORTELYOU,  INC. 
Consulting  Engineers 

1004  Baltimore,  Kansas  City,  Mo.  64105 
Telephone:  816-421-8386 

RAILWAY  AND  HIGHWAY 

•  FIXED  AND  MOVABLE  BRIDGES  • 

•  Condition  Inspections 

•  Investigations  &  Reports 
•  Design,  Construction  Plans 

•  Contract  Documents 

•  Construction  Supen/ision 

•  Cost  Negotiations 


GOiDER  ASSOCIATES 

Consulting    Geotechnical   Engineers 


Specialists  In 
Soil  Mechanics  —  Foundations 
Rock  Slope  &  Tunnel   Stability 
Construction   in   Soft  Ground 
Drainage  Design — Landslides 
Grade  Stability,  Subgrade  Stabilization 
Air  Photo   Interpretation 

10628  N.E.  38fh  Place,  Kirklond,  SeofHe,  Wash. 

5125  Peachfree  Road,  Atlanfo,  Georgia 
224  Wetf  8th  Avenue,  Vancouver,  B.C.,  Canada 


IEC0 

RAILROAD 

DESIGN  &  ELECTRIFICATION 

Planning     •     Design 

Construction  Management 


INTERNATIONAL  ENGINEERING 
COMPANY,  INC. 

220  MONTGOMERY  STREET 
SAN  FRANCISCO,  CALIFORNIA  94104 


A.  J.  HENDRY.  INC. 


> 


CONSULTI.NG  ENClNtERS 


SIGNAIS  •  COV.MUNICATIONS  -AUTOMATION  •  ELECTRIFICATION 
RAILROADS  •  RAIL  TRANSIT 


SUITE  1512  pio;:eer  building 

ST,    PAUL,   MINNESOTA-  .    55101 


(612)   222  2787 


BAKKE   KOPP   BALLOUa  McFARLIN.INC. 
CONSULTING  ENGINEERS 


Bridges 
Special  &  Heavy  Structures 
Investigations  &  Reports 


7505  WEST  HIGHWAY  SEVEN 

ST.  LOUIS  PARK,  MINNESOTA  55426 

(61 2)  933-6880 


WOLCHUK  and  A^YRBAURl 
CONSULTING  ENGINEERS 

RAILWAY  AND   HIGHWAY  BRIDGES 

SPECIAL  STRUCTURES 

DESIGN— INVESTIGATIONS— REPORTS 

432  PARK  AVE.  S.,  NEW  YORK,  NY  10016 
(212)    689-0220 


THOAAAS  K.  DYER,  INC. 

Consulting  Engineers 

Railroads — Transit  Systems 
Track,  Signals,  Structures 

Invastigcrtlons  end  Feasibility  Reports 
naming,  DasIgn,  Contract  Documents 

1762   Massachusetts  Avenue 
Lexington,  Mass.  02173 


W 


RALPH  WHITEHEAD  8.  ASSOCIATES 

Consultina  EnqT.ee-s  •  Cliarlolte  Atlanta 


P.O.   Box  4301 

Charlotte,   N.C.   28204 

Telephone  704-372-1885 

BRIDGES   •   HIGHWAYS  •   RAILROADS 

•    RAIL  &  BUS  TRANSIT   • 

AIRPORTS   •    BUILDINGS 


RAIL 
GRINDING 


Speno  rail  grinding 
is  an  economical 
way  to  extend  track 
life.  The  railroad 
industry  depends  on 
Speno  rail  grinding 
to  keep  rails  smooth 
and  to  protect 
roadbeds.  On  new 
rail,  grinding 
eliminates  rolling 
and  welding 
imperfections  to 
provide  a  smooth 
rail  head.  Speno 
has  seven  grinding 
trains  and  a  mobile 
grinding  unit  in  its 
Contract  Service 
Fleet. 


For  More 
Information 

Find  out  how  you  can  get  the  maximum  ton  miles  out 

of  your  track.  Request  a  copy  of  the  new 

Speno  Rail  Services  brochure. 

Speno  Rail  Services,  Inc. 

An  Affiliate  of  Trans  Union  Corporation 

Clark  Street,  Box  309 

East  Syracuse,  New  York  13057 

lEC-Holden,  Ltd.. 

8180  Cote  de  Liesse  Road, 

Montreal,  Canada  H4T  1G8 


Speno  Rail  Services,  Inc. 


@ 


One  of  99  TRASCO  inert  car  retarders 
installed  in  the  ConRail  Rutherford  class  yard 
at  Harrisburg,  Pennsylvania. 


AFTER    14   YEARS   OF  TROUBLE    FREE 
OPERATION  TRASCO   AUTONOMIC   CAR 
RETARDERS  STILL   ON    DUTY    24    HOURS 
A   DAY 


Operating,  Signaling,  Maintenance  of  Way  ...  all 
agree  on  TRASCO  car  retarders  for  all-weather 
dependability;  simplicity  of  design  and  operation; 
economy  of  installation  and  maintenance. 


TRACK  SPECIALTIES   COMPANY 

18  SO.   SYLVAN   ROAD.   P.   O.   BOX   729 
WESTPORT.  CONNECTICUT  06880       203-226-3361 


YEARS  OF  RAILROAD  SERVICE 


sj.  A.  ^JLQiifyie 
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Effect  of  Rail  Section  and  Traffic  on  Rail  Fatigue  Life — A.  M.  Zarembsld,  Manager, 
Track  Research,  AAR 
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Construction    of    tlie    New    River    Gorge    Bridge    (Film) — C.    N.    Ludman,    District 
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Chief  Engineer — Design,  Burlington  General  Manager — Engineering,  Ches- 

Northern,   Inc.  sie  System 

R.  F.  Bush  D.  S.  Bechly   (South) 

Chief  Engineer — Special  Projects,  Con-  Engineer — Structures,    Illinois    Central 

solidated  Rail  Corporation  Gulf  Railroad 

J.  T.  Ward  D.  L.  Bangiiart  (West) 

Senior  Assistant  Chief  Engineer,   Sea-  Director — Maintenance    Planning,    Un- 

board  Coast  Line  Railroad  ion  Pacific  Railroad 

John  Fox  F.  S.  Barker  (Canada) 

Chief  Engineer,  Canadian  Pacific  Rail  Regional  Chief  Engineer,  Canadian  Na- 


tional Railways 

J.  Webb  (At  La 
ssistant  Chief  En; 
Railroad  peka  &  Santa  Fe  Railway 


B.    J.    WORLETi' 

Vice  President,   Chief  Engineer — Clii-       II.  G.  Webb  (At  Large) 

cago,  Milwaukee,  St.  Paul  &  Pacific  Assistant  Chief  Engineer,  Atchison,  To- 
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Committee  of  Tellers,   1979  Election 

The  following  committee  was  appointed  to  canvass  the  ballots  for  Officers, 
Directors,  and  Members  of  the  Nominating  Committee,  the  count  being  made  on 
February  20,   1979. 

W.  S.  Stokely,  Chairman  J.  W.  Eberle  M.  E.  Podrebakac 

N.  E.  Whitney,  Jr.,  W.  J.  Brenny  W.  B.  Stanczyk 

Vice  Chairman  James  Budzileni  V.  V.  Tamosfunas 

A.  F.  Anderson  D.  E.  Gallery  J.  A.  Van  Huis 

P.  L.  Barrett  D.  J.  Lewis  C.  F.  Wiza 

J.  E.  Beran  T.  E.  Marxvaldas  ARTHxm  Yaxnotti 

Successful  Candidates,    1979  Election 

For  President 
L.  A.  Durham,  Jr.,  Chief  Engineer,  Norfolk  &  Western  Railway,  Roanoke,  Va. 

For  Senior  Vice  President" 
Mike  Rougas,  Chief  Engineer,  Bessemer  and  Lake  Erie,  Greenville,  Pa. 

For  Junior  Vice  President 
J.  W.  Brent,  Chief  Engineer,  Chessie  Systems,  Huntington,  W.  Va. 

For  DmECTORS 

EASr 

D,    J.    Hughes,    Vice    President — Engineering,    Boston    &    Maine    Corporation, 
Chelmsford,  Mass. 

WEST 

G.  E.  Warfel,  Chief  Engineer,  St.  Louis-San  Francisco  Railway,  Springfield,  Mo. 
H.  B.  Berkshire,  Assistant  Vice  President — Maintenance  of  Way  and  Engineer- 
ing,  Southern   Pacific  Transportation   Co. 

SOUTH 

A.  C.  Parker,  Jr.,  Assistant  Vice  President — Engineering,  Louisville  &  Nash\ille 

Railroad,  Louisville,  Ky. 

For  Members  of  1979  Nominating  Committee 

EAST 

B.  J.  Johnson,  Jr.,  Dircttor  Quality  Control,  Chessie  Sjstem,  Huntington,  ^^'.  \"a. 

SOUTH 

H.    L.    Rose,    Assistant   Vice   President,    Maintenance   of   Way   and    Structures, 
Southern  Railway,  Atlanta,  Ga. 

W£sr 

G.  H.  Maxwell,  Division  Engineer,  Union  Pacific  Railroad,  Salt  Lake  Cit>- 
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CANADA 

R.  W.  Holt,  Director,  Road  Maintenance  Manaj^einent  S\stems,  Canatlian  Pacific 
Ltd.,  Montreal 

AT  LARGE 

T.    C.    Nordquist,    Principal    Construction   Engineer — Burlington   Northern    Inc., 
St.  Paul,  Minn. 


"  Under  the  provisions  of  the   AREA   Constitution,   Mike  Rougas   advances  aufoniatically  from 
Juoior  Vice   President   to   Senior   Vice  President. 
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Address  by  President  W.   S.  Autrey* 

Members  of  the  American  Railway  Engineering  Association,  ladies,  and  guests: 
welcome  to  this  78th  Annual  Technical  Conference  of  the  American  Railway  Engi- 
neering Association. 

I'd  like  to  express  a  special  welcome  to  the  ladies  who  are  here  for  the  opening 
session  and  to  invite  you  to  attend  any  of  the  sessions  that  may  have  an  appeal,  and 
also  to  emphasize  the  fact  that  we  hope  you  will  make  a  very  special  effort  to  be 
present  on  Wednesday  moming  when  our  next  new  officers  will  be  installed. 

Several  years  ago,  I  served  as  a  member  of  the  Board  of  Direction  and  in  tliat 
position  watched  some  of  our  past  presidents  preside  at  our  board  meeting.  It 
seemed  to  me  at  the  time  that  the  job  wasn't  too  difficult  and  I  felt  that  I  should  be 
able  to  handle  the  duties  of  that  office.  As  I  observed  some  of  my  predecessors  in 
action  I  began  to  entertain  the  thought  that  I  might  have  a  chance  to  serve  at  some 
distant  future  time.  After  all,  in  his  capacity  as  president  the  individual  would 
simply  call  on  \arious  chaimien  of  the  committees  to  report  and  when  confronted 
with  a  problem  or  question  for  which  he  had  no  answer  he  would  simply  turn  to 
Earl  Hodgkins  and  say  "OK  Earl,  tell  us  about  tliat"  and  Earl  would  take  over. 
Well,  things  went  smoothly  at  our  first  meeting  and  ran  true  to  fomi,  but  at  the 
next  meeting  when  I  was  ready  to  turn  to  Earl,  he  wasn't  there  and  let  me  assure 
you,  that  was  a  traumatic  experience  and  I'm  still  in  a  somewhat  state  of  shock. 
At  this  point  I  should  bring  you  up  to  date  on  the  status  of  our  executive  director. 
Many  of  you  know  that  Earl  had  had  some  heart  problems  but  we  thought  he  was 
weathering  them  rather  well  until  in  December  he  consulted  with  his  doctor  who 
told  him  it  would  be  best  for  him  to  take  a  leave  from  his  job  so  effective  January  1, 
1979,  Earl  went  on  leave  creating  a  void  that  we  and  especially  me,  felt  should 
be  filled  as  promptly  as  possible.  I'm  happy  to  report  to  you  that  Lou  Cemy  came 
on  board  on  February  12,  as  acting  executive  director  and  he  has  certainly  done  a 
great  job  under  very  trying  circumstances.  From  what  I've  told  you  so  far  you 
begin  to  get  an  idea  of  some  of  the  happenings,  but  I'd  like  to  recoimt  some  of  the 
other  events. 

This  past  year  started  with  a  "bang, "  and  from  the  very  beginning  it  seemed 
that  there  was  always  something  to  anticipate  with  pleasure,  to  be  .somewhat  appre- 
hensive about,  to  be  concerned  about,  or  just  to  require  a  lot  of  involvement. 

Within  a  week  or  so  after  my  installation  as  president,  I  had  the  pri\ilege  and 
pleasure  of  appearing  before  the  National  Transportation  Safety  Board  to  present 
the  \ie\%s  of  our  Association  to  that  board  as  they  conducted  hearings  on  derailments 
invoking  hazardous  materials. 

Most  of  you  are  quite  familiar  with  the  activities  of  tlie  NTSB,  and  ha\e  either 
been  involved  with  some  of  their  investigations  or  at  least  have  seen  the  reports  that 
are  issued  covering  these  investigations.  The  invitation  for  AREA  to  present  its 
views  came  under  the  category  of  something  to  either  be  apprehensive  about  or  to 
be   concerned   about,   but  certainly   with   substantial   involvement. 

The  next  event  I  would  like  to  tell  you  about  came  under  an  entirely  different 
category  and  was  definitely  anticipated  with  a  great  deal  of  pleasure.  This  was  the 
invitation  for  your  president  to  Ik?  the  keynote  speaker  at  the  first  hea\y-hanl  con- 
ference  held   in   Perth,   Australia   and   while   there   was   a   certain   aniotmt   of   work 
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involved  in  some  of  the  tasks  I  was  assigned,  it  was  the  kind  of  work  I  c-ould  readily 
tolerate  at  least  on  an  annual  basis.  I'd  like  to  tell  you  much  more  about  thii>  con- 
ference and  some  of  the  details  of  the  trip,  and  as  a  matter  of  fact,  I'm  going  to 
do  just  that.  However,  this  story  is  a  part  of  our  program  and  will  be  presented 
on  Wednesday  morning  so  I  hope  and  trust  all  of  you  will  return  for  the  expanded 
version. 

AREA  and  the  Engineering  Division,  AAR  had  another  opportunity  to  present 
our  views  when  we  appeared  before  the  Federal  Railroad  Administration  at  their 
hearing  on  track  safety  standards  in  November  of  last  year.  Our  appearance  before 
that  group  was  not  an  individual  effort  as  it  involved  several  members  of  our  board 
as  well  as  representatives  from  the  AAR  Engineering  Dixision,  and  we  also  got  a  lot 
of  help  from  the  research  department  of  AAR,  principally  from  George  V\'ay.  In 
presentations  of  this  kind,  I  am  continually  impressed  \vith  the  calibre  of  people  we 
have  in  our  industry  and  with  the  knowledge  that  is  available  to  solve  the  problems 
with  which  we  are  confronted. 

And  speaking  of  knowledge,  I  think  it  may  be  %xell  to  remind  you  of  tlie 
objective  of  our  Association  as  stated  in  the  constitution  which  says,  "The  object 
of  the  Association  shall  be  the  advancement  of  knowledge  pertaining  to  the  scientific 
and  economic  location  construction,  operation,  and  maintenance  of  railways."  This 
"advancement  of  knowledge"  is  most  important  and  is  the  aim  and  goal  of  our 
technical  committees.  These  committees  are  constandy  re\'iewing  and  developing 
material  pertinent  to  their  assignments  and  as  a  result  of  their  work  the  manual  of 
recommended  practices  is  regularly  updated.  A  testimony  to  their  important  work 
is  the  world-wide  recognition  of  the  manual  and  the  increasing  sales  to,  not  only 
AREA  members,  but  also  to  non-members,  universities,  goveniment  agencies,  con- 
tractors, consulting  firms  and  many  others.  I  would  like  to  thank  the  members  of 
the  committees  for  their  contribution  to  this  effort  and  also  to  encourage  those  of 
you  who  are  not  presently  members  of  a  conmiittee  to  give  ven,'  serious  considera- 
tion of  joining  one  where  your  knowledge  and  expertise  can  be  utilized  in  this  effort. 
You  will  not  only  be  assisting  in  the  work  of  the  association,  but  I  am  confident 
that  you  will  realize  a  great  deal  of  personal  satisfaction  and  gain  considerable 
knowledge  as  you  work  with  your  fellow  committee  members. 

Last  year  we  continued  our  practice  of  holding  regional  meetings  and  held  the 
1978  meeting  in  St.  Paul.  Past  president  Don  Sartore  accepted  the  responsibility-  for 
working  out  the  details  and  making  all  the  arrangements  for  this  mec;ting  and  for 
this  we  are  grateful.  He  and  his  helpers  did  a  great  job. 

These  regional  meetings  are  designed  to  bring  AREA  to  Association  members 
throughout  the  country,  many  of  whom  do  not  have  an  opportunit>-  to  attend  the 
Aimual  Conference  here  in  Chicago  and  to  see  our  Association  in  acrion.  The  1979 
regional  meeting  is  scheduled  to  be  held  on  Thursday,  October  11  in  Philadelphia 
vmder  the  chairmanship  of  Jim  Sullivan,  chief  engineer,  design  and  construction, 
Conrail  and  a  member  of  our  board.  This  will  be  our  15th  regional  meeting  since 
this  practice  was  started  in  1965  and  incidentally,  will  be  the  first  time  we  ha\e  held 
a  regional  meeting  in  the  same  city.  With  die  extensive  activit\'  on  both  Conrail  and 
Amtrak  on  the  east  coast  it  seems  most  appropriate  to  hold  our  first  repeat  perfomi- 
ance  in  the  City  of  Philadelphia. 

Immediately  after  the  regional  meeting  we  plan  to  hold  a  meeting  of  idl  com- 
mittee chairmen  and  vice  chairmen  on  Friday,  October  12  to  discuss  in  detail  com- 
mittee assignments  and  ways  in  which  committees  can  function  e\en  more  efFecti\ely. 
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We  feel  that  such  a  meeting  is  most  important  and  as  it  has  been  several  years 
since  our  last  meeting  w-ith  the  chaimian,  we  expect  to  have  many  subjects  to  cover 
with  very  active  discussions. 

As  you  know,  ballots  were  sent  to  the  membership  to  vote  on  two  constitutional 
changes  and  I  would  like  to  report  to  you  now  on  the  outcome  of  that  proposal.  In 
both  cases  the  changes  were  approved  by  suljstantially  more  than  the  two-thirds 
majority  required  under  article  IX.  The  \ote  on  tlie  amendment  to  article  \'  (quali- 
fications for  officers)  was  1767  for  and  190  against.  The  vote  on  the  amendment 
to  article  I  (permitting  tiie  office  to  be  in  either  Chicago  or  Washington)  was  1868 
for  and  130  against.  As  a  result  of  these  votes  we  plan  to  relocate  the  office  of  tlie 
Association  to  Washington  later  his  year  where  it  is  felt  it  can  be  more  effective  in 
working  with  other  organizations.  We  do  not  see  that  tliere  will  be  any  other  sig- 
nificant changes  in  the  acti\ities  of  our  organization  as  a  result  of  these  amendments 
and  expect  AREA  to  continue  to  fulfill  its  important  role  in  the  railroad  industry. 

As  this  conference  begins  I  want  to  express  my  appreciation  to  the  board  mem- 
bers who  have  contributed  so  much  diroughout  this  year  and  my  personal  thanks  to 
Earl  Hodgkins  who  was  doing  his  usual  fine  job  even  though  he  was  operating  under 
rather  severe  handicaps.  I  must  also  acknowledge  the  fine  work  of  technical  assistant 
Bob  Giurato  who  kept  things  going  after  Earl  had  to  leave  and  before  Lou  Cerny 
came  on  board  and  finally  to  Lou  Cerny  who  stepped  in  at  a  crucial  time  and  who 
inniiediately  started  to  function,  and  under  most  difficult  conditions  has  demonstrated 
that  he  is  going  to  be  a  great  asset  to  our  organization. 

A  sad  note  which  must  be  reported  to  you  is  that  the  long-time  chairman  of  our 
conference  operating  committee  Bruce  Miller,  died  in  February  of  this  year  and  left 
a  large  void  to  fill.  This  committee  is  again  functioning  under  the  acting  leadership 
of  \'ic  Hall,  and  deser\  es  the  thanks  of  the  Association  and  my  personal  thanks  for 
the  excellent  arrangements  made  for  these  meetings  and  for  tlie  attention  to  the 
details  that  make  for  a  successful  conference. 

.\nd  finally  the  association  expresses  its  appreciation  for  the  cooperation  and 
assistance  of  our  nian>'  friends  in  die  supply  industry  and  for  their  help  in  progres- 
sing and  advancing  tlie  cause  of  the  railway  industry. 

Thank  you. 
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Concrete  Ties — History  and  Progress 
by  D.  Mac  Lennan* 

A  fair  amount  has  been  written  and  a  whole  lot  more  has  been  said  on  the 
subject  of  concrete  ties  versus  wood  ties.  Belonging  to  the  school  of  thought  that 
says  circmiistances  alter  cases,  we  do  not  propose  to  argue  for  one  side  or  the  other, 
but  would  like  to  share  with  you  some  of  the  things  done  on  Canadian  National,  the 
reasons  we  have  done  them  and  the  results  we  have  achiexed. 

We  begin  with  the  belief  that  good  track  is,  both  literally  and  metaphorically, 
tlie  foundation  of  a  good  railway.  Ties  are  part  of  the  foundation  of  good  track, 
but  they  are  indeed  just  part.  Without  proper  attention  to  the  other  components, 
the  concrete/wood  tie  discussion  becomes  somewhat  academic. 

In  case  you  are  wondering  why  CN  rail,  operating  in  one  of  the  world's  leading 
timber  producing  countries,  would  even  give  concrete  ties  a  second  thought,  let  us 
give  you  a  litde  background,  beginning  with  the  fact  that  because  of  a\ailabihty 
of  supplies  hardwood  ties  are  used  in  the  east  and  softwood  ties  used  in  central  and 
western  areas. 

As  far  back  as  1960,  our  purchasing  department  was  forecasting  possible  diffi- 
culties in  obtaining  annual  requirements  of  wood  ties  at  a  cost  we  were  prepared 
to  pay.  Thus  in  1961  a  series  of  tests  were  begun  to  find  a  suitable  substitute  for 
wood  ties.  Several  designs  of  concrete  ties  and  fastenings  were  tested,  and  in  each 
case  500  ties  were  laid  under  continuous   welded  rail   (CWR). 

The  forecast  shortage  of  wood  ties  has  not  yet  become  a  major  factor,  but  other 
significant    changes    in    railroading   have   taken   place    which    affect   track   structure. 

Unlike  European  railroads  which  are  geared  to  handle  passenger  traffic  at  high 
speeds.  North  American  railroads  are  concerned  more  with  hauling  freight  traffic 
at  lower  speeds.  And  ever  since  the  introduction  of  diesel  locomotives,  freight  trains 
have  kept  getting  longer  and  heavier,  with  axle  loads  as  high  as  33  tons.  These 
developments  have  had  a  pronounced  effect  on  die  life  of  track  components. 

In  the  days  of  the  steam  engine,  our  trains  \\'ere  50  to  60  cars  long,  with  50 
to  70  tons  per  car.  Today,  high-powered  six-axle  diesel  units  can  be  coupled  in 
multi-control  to  haul  as  many  as  150  cars  which,  with  roller  bearings,  can  each  carr>' 
100  tons.  To  further  complicate  things,  unit  trains  of  bulk  commodities  such  as 
coal,  potash,  sulphur  and  phosphate  generate  compovmding  rh\thmic  forces. 

All  of  this  became  too  much  for  the  softwood  tie-cut  spike  and  carbon  rail 
track  structure.  It  was  no  longer  possible  to  hold  gauge  on  sharp  curves  and  rail 
was  wearing  out  at  an  unprecedented  rate.  On  portions  of  the  CN  system  using 
soft\vood  ties  with  heavy  traffic  densities  and  a  significant  proportion  of  heavy  axle 
loads,  tie  life  on  sharp  curves  was  reduced  from  30-35  years  to  about  12-15  years, 
while  rail  was  being  replaced  in  cycles  of  less  than  t\vo  years. 

Obviously,  something  had  to  be  done.  In  a  1971  service  test,  10,000  pre- 
stressed  concrete  ties  were  installed  23  miles  west  of  Jasper,  Alberta,  on  the  moun- 
tain region's  Alberta  subdi\ision.  As  a  result  of  die  earlier  testing  which  had  been 
done  the  ties  selected  were  the  F-23  t>'pe  manufactured  b\-  Costain  Concrete  Limited 
in  Britain,  secured  with  Pandrol  fastenings.  New  132  lb.  high  silicon  CWR  w;ls  laid 
throughout. 
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The  test  area,  3.8  miles  long,  was  chosen  to  provide  a  tough  section  of  track 
and  one  typical  of  those  where  track  deterioration  was  greatest.  The  maximum 
grade  is  0.4  percent,  descending  westward,  and  the  alignment  consists  of  a  tangent 
0.6  miles  long  and  a  series  of  five  and  sL\  degree  reversing  cur\es.  In  1971,  31 
million  gross  tons  passed  over  the  track. 

The  test  area  was  long  enough  to  estal)lish  its  own  emironment,  something 
missing  in  the  earlier  tests  with  only  500  ties.  But  it  was  not  long  enough  to  justify 
the  use  of  special  equipment,  and  the  ties  were  installed  by  fabricating  39  ft  panels 
on  site  and  handling  them  into  tlie  track  with  a  40-ton  crane.  Subsequently,  1,170- 
foot  strings  of  CWR  were  laid  and  field  welded,  so  that  tlie  entire  test  section  was 
made  up  of  one  string  of  CWR. 

The  original  ballast  at  the  test  site  consisted  of  14-15  in.  of  clean,  crushed  and 
screened  gravel  material  with  a  ma.xinium  stone  size  of  VA  in.  This  was  left  in  place 
as  sub-ballast  and  another  10-in.  of  crushed  rock  was  added.  The  ballast  was  com- 
pacted widi  diree  passes  of  a  hand-guided  roller  vibrator  of  tlie  type  used  by  road 
builders. 

The  benefits  of  this  t>pe  of  track  structure  became  apparent  idmost  immediately. 
■Gauge   was    maintained,    and   surface   and   alignment   required   very   little   attention. 

Rail  wear  did  not  occur  at  the  same  accelerated  rate,  but  credit  for  this  does  not 
all  go  to  the  fact  that  concrete  ties  were  used.  The  change  from  78-ft  jointed  rail 
to  CWR  and  from  standard  carbon  rail  to  high  silicon  rail  obviously  played  signifi- 
cant roles. 

However,  the  surface  roughness  and  alignment  indices  as  measured  and  re- 
corded by  the  track  geometry  car  proved  that  this  was  the  best  section  of  track 
on  the  CN  system.  With  the  exception  of  rail  grinding  twice  a  year,  there  has 
been  littie  or  no  input  into  track  maintenance. 

This  test  is  still  active  and  over  200mgt  of  traffic  have  been  carried.  The 
rail  in  the  sharp  curves  was  transposed  in  the  fall  of  1976  and  the  rail  in  one 
six-degree  cur\e  had  to  be  replaced  late  in  1977.  Present  plans  call  for  the 
installation  of  new  rail  in  the  transposed  curves  in  1979. 

In  1973  the  decision  was  made  to  extend  die  use  of  concrete  ties  to  two  other 
projects.  One  was  the  realignment  of  the  double  track  line  at  Kingston,  Ontario, 
where  4,500  ties  were  laid.  The  otlier  was  die  construction  of  45  miles  of  second 
main  line  between  Winnipeg  and  Portage  La  Prairie,  both  in  Manitoba. 

Ties  for  both  these  were  manufactured  by  Francon  Limited  in  Montreal  and 
were  a  modified  F-23  type  now  reclassified  as  CN   type  A-60. 

By  1975,  it  was  evident  from  the  results  of  Jasper  that  properly  constructed 
track  using  concrete  ties  was  much  superior  to  conventional  track  with  softwood 
ties  for  areas  of  high  curvature  where  high  tonnage  is  carried  in  imit  trains  of 
high-axle  load.  Projected  economies,  based  on  extended  tie  life,  ballast  rehabilita- 
tion and  surfacing  cycles  as  well  as  credit  for  saKaged  wood  tics,  favor  the  use 
of  concrete  ties. 

As  a  result,  an  order  was  placed  with  Con-Force  Costain  Concrete  Tie  Com- 
pany for  1,500,000  pre-stressed  concrete  ties  to  be  delivered  at  the  rate  of  300,000 
per  year  over  a  five  year  period.  The  ties  are  manufactured  in  Edmonton,  Alberta, 
and  delivery  began  in  1976.  Each  tie  weighs  615  lbs.  and  consists  of  26  pre- 
stressing  wires  surrounded  by  air  entrained  concrete,  which  has  been  compacted 
by  high  frequency  vibration. 


320  Bulletin  673 — American  Railway  Engineering  Association 

With  a  commitment  made  to  install  concrete  ties  at  the  rate  of  300,000  ties 
per  year,  it  became  necessary  to  provide  proper  equipment  to  do  the  job  economi- 
cally. Until  1976,  all  our  concrete  ties  were  installed  with  conventional  equipment, 
but  this  was  both  slow  and  costly. 

In  1976  and  1977  all  concrete  ties  on  the  mountain  region  in  Canada's  west 
were  installed  with  Geisniar  gantries  and  beam.  This  type  of  equipment  is  quite 
common  on  European  railroads,  but  it  had  not  been  used  before  in  Canada — or 
anywhere  north  of  the  Mexican  border.  We  may  even  have  established  a  world  first 
for  this  kind  of  equipment  installing  concrete  ties  in  cur\'es  of  six  degrees  and  over. 
A  42-mile  stretch  on  the  Ashcroft  subdivision  in  British  Columbia  had  90  curves 
of  more  than  six  degrees,  including  35  of  at  least  eight  degrees. 

The  new  method  of  installing  ties  and  laying  rail  required  a  complete  gang 
reorganization  and  a  break-in  period.  CWR  was  formerly  threaded  from  the  shoulder 
directly  into  the  track,  but  now  it  had  to  be  positioned  outside  the  ties  at  9'  10" 
gauge  to  accommodate  the  gantries.  This  was  handled  by  a  speed  swing  with  hy-rail 
equipment. 

Existing  rail  in  track  had  to  be  replaced,  or  cut  into  78  ft  lengths  for  removal 
by  the  gantries  in  78  ft  panels.  Once  the  panels  were  removed,  the  ballast  had  to 
be  prepared  and  shaped  before  the  new  concrete  ties  were  installed.  This  required 
a  specially  designed  plow  to  pro\ide  a  trough  in  the  center  to  prexent  center-binding 
of  ties. 

When  the  ties  were  in  place,  the  CWR  had  to  be  threaded  into  position  from 
its  wide  gauge  placement,  and  this  was  done  by  a  new  Donelli  Rail  Positioner.  Then, 
instead  of  driving  the  conventional  cut  spike  and  applying  rail  anchors,  Pandrol 
clips  were  applied.  At  first  this  operation  w^s  done  by  hand,  but  we  have  now 
mechanized  it. 

The  balance  of  the  operation,  which  included  field  welding,  undercutting  and 
cleaning,  compacting,,  lining  and  tamping,  was  old  hat  and  required  no  special 
equipment. 

The  Geismar  gantr>-  and  beam  was  designed  to  handle  39  concrete  ties  at  a 
time,  representing  78  feet  of  track,  and  it  lifts  out  78  ft  panels  of  wood  ties. 

The  work  gang  averaged  1,080  ties  per  day,  wliich  was  not  as  high  as  expected, 
and  a  second  set  of  gantries  was  added  late  in  1977. 

In  the  fall  of  1977  a  pilot  project  was  conducted  on  the  Great  Lakes  region 
using  equipment  which  was  new  on  the  North  American  scene,  the  P-811  track 
renewal  train.  This  equipment  was  built  for  CN  at  Canron's  railgroup  plant  in  West 
Columbia,  South  Carolina. 

The  P-811  has  the  capability  to  install  concrete  ties  at  the  rate  of  up  to  20 
per  minute,  averaging  16,  enabling  us  to  more  than  double  production.  We  can 
schedule  installing  2,400  ties  per  day  and  are  limited  mainl>-  by  the  undercutting- 
cleaning  and  ballasting  operation. 

The  track  renewal  train  picks  up  wood  ties,  installs  concrete  ties  and  lays  new 
or  existing  CWR  all  in  the  same  operation.  A  dual  conveyor  system  mo\es  the 
wood  ties  away  to  a  tie  exchange  car  while  it  moves  concrete  ties  into  position.  The 
ability  to  re-lay  existing  CWR  on  concrete  ties  means  we  can  now  consider  doing 
those  areas  of  high  cur\ature  and  hea\y  tonnage  which  already  have  CWR  installed. 

In  1977  the  P-811  installed  some  40,000  concrete  ties  on  our  Ruel  subdixision  and 
during  1978  installed  over  300,000  on  our  lines.  We  propose  installing  approximately 
,305,000  concrete  ties  with  the  P-811  in  1979.  B>-  the  end  of  1979  we  will  have 
approximately  9.35,(K)0  concrete  ties  on  track. 
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During  the  1978  program,  using  the  P-811  and  working  in  a  restricted  8-hour 
work  block,  we  were  able  to  bring  average  daily  production  close  to  3,000  ties  with 
peak  production  of  4,072.  It  is  now  obvious  that  the  original  expectation  of  2,400 
ties  in  an  8-hour  work  block  which  has  to  include  ballast  vuiloading,  lifting,  welding 
and  destressing  operations  is  conser\'ative,  and  1979  projections  are  based  on  an 
a\erage  daily  production  of  at  least  3,000  ties. 

While  the  new  e(]uipment  offers  much  promise  for  future  concrete  tie  laying 
operations,  there  are  some  other  facets  of  the  work  with  which  we  are  not  satisfied. 
The  pads  and  insulators  we  now  use  with  concrete  ties  do  an  adequate  job  on  tan- 
gent track  but  do  not  stand  up  as  well  as  expected  on  tlie  sharper  curves.  Field 
and  lab  tests  are  being  conducted  to  come  up  widi  a  better  product.  Nor  are  we 
completely  happy  with  the  performance  of  high  silicon  rail,  and  tests  are  cxjntinuing 
with  other  alloys  and  heat  treatments. 

We  are  concerned  with  detecting  die  approach  of  a  centre-bound  condition  so 
that  surfacing  cycles  can  be  planned  prior  to,  and  not  after,  the  fact.  Even  if  it  were 
possible,  it  would  not  be  economically  justifiable  to  design  a  tie  which  would  not 
crack  under  centre-bound  conditions.  The  secret  is  to  prevent  the  condition;  so  CN 
rail  research  has  developed  a  tie  deflection  transducer  which  allows  us  to  predict 
tie  centre-negative  bending  moment  and  thereby  determine  when  we  are  nearing  the 
physical  limitations  of  the  tie  and  should  take  appropriate  action. 

We  are  also  conducting  rolling  load  tests  on  a  specially  built  test  track  which 
allows  us  to  predict  the  behavior  of  concrete  ties,  rather  than  wait  for  experiential 
operating  results  to  proxide  the  data. 

Out  of  the  experience  gathered,  we  have  detemiined  where,  and  under  what 
conditions,  we  plan  to  install  concrete  ties.  It  is  mentioned  earlier  that  the  central 
and  western  regions  of  our  system  use  mainly  softwood  ties,  so  we  have  designated 
the  prime  area  to  be  between  Capreol,  Ontario,  (276  miles  north  of  Toronto)  and 
^■ancouver,  B.C.,  2,490  miles  away. 

The  other  criteria  we  have  established  are: 

1 )  Curves  of  two  degrees  or  more  with  not  more  dian  one  mile  of  tangent 
between  curves. 

2)  Heavy  tonnage  mainlines,   with  annual  traffic  exceeding  20  mgt. 

3 )  High  percentage  of  traffic  carried  in  100-ton  cars. 

4 )  High   percentage  of  traffic  carried  in  unit  trains. 

We  iu-e  satisfied  diat  by  working  within  these  guidelines  we  are  making  use 
of  concrete  ties  in  the  most  efficient  manner  for  the  Canadian  National  system. 
But  as  was  said  at  the  beginning,  circumstances  alter  cases,  so  what's  right  for  CN 
may  not  be  right  for  all  railways.  However,  we  are  glad  to  share  our  experience  in 
Canada  in  the  hope  it  may  be  of  interest  and  lienefit. 
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Electrification  in   1979 
by  R.   U.   Cogswell* 

In  light  of  another  oil  shortage  and  news  that  the  Tennessee  Valley  Authority 
is  willing  to  help  the  Southern  and  the  L  &  N  electrify  some  of  their  more  impor- 
tant main  lines,  we  would  like  to  bring  everyone  up  to  date  on  the  status  of 
railway  electrification  in  the  United  States.  Railway  electrification  is  today  cen- 
tered around  the  Nordieast  Corridor  Improvement  Project  between  Boston  and 
Washington.  In  addition  to  new  track,  signals,  communications  and  bridges,  the 
NECIP  will  modernize  the  existing  electrification  system  and  extend  it  from  New 
Haven  to  Boston. 

The  Corridor  Project  is  attempting  to  avoid  some  of  the  situations  that  devel- 
oped in  the  late  1960's  as  the  Metroliners  were  introduced  into  service.  Lack  of 
proper  test  facilities  meant  that  the  Metroliners  were  actually  tested  in  revenue 
service.  All  the  bugs  that  developed  were  front  page  headlines  in  the  New  York 
Times  and  the  Washington  Post. 

In  order  to  test  vehicles  and  equipment  under  controlled  conditions  prior 
to  use  in  revenue  service,  it  was  decided  to  electrify  the  15  mile  high  speed  test 
loop  at  the  Transportation  Test  Center  in  Pueblo,  Colorado.  A  7  aspect  cab 
signal  system  able  to  support  speeds  of  150  mph  will  also  be  installed  on  the 
Pueblo  test  track.  Some  of  the  rebuilt  metroliners  are  scheduled  for  testing  at 
Pueblo  later  this  summer  and  the  new  AEM-7  electric  locomotive  is  scheduled  for 
comprehensive   testing  in   1980. 

Mr.  Mike  Long  of  the  International  Engineering  Company  and  the  Project 
Manager  for  Engineering  Services  for  the  Pueblo  electrification  will  summarize 
the  activities  at  Pueblo. 

Mr.  Peter  Shaw  of  Electrack,  Inc.  and  Chief  Engineer-Electrification  for  the 
Northeast  Corridor  Project  will  discuss  progress  in  the  electrification  portion  of  the 
Northeast  Corridor  Project. 


Staff  Engineer-Electrification,  Federal  Railroad  Administration. 
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Pueblo  Transportation  Test  Center    (TTC) 
Electrification   Project 

by  M.   L.   Long* 

General 

The  Federal  Railroad  Administration  has  developed  one  of  the  world's  largest 
and  most  sophisticated  facilities  for  testing,  evaluation  and  development  of  ground 
transportation  systems  with  the  majority  of  emphasis  on  railroads.  This  presentation 
describes  the  electrification  of  those  facilities  with  a  modem  high  voltage,  single- 
phase,  ac  system. 

As  most  AREA  members  already  know,  the  Transportation  Test  Center  (TTC) 
is  located  in  the  Colorado  desert  at  Pueblo,  about  100  miles  south  of  Denver. 
(Exhibit  1).  The  TTC  is  ovraed,  operated  and  administered  by  the  Federal 
Railroad  Administration  (ERA). 

The  preliminary  and  final  design,  construction  surveillance  and  catenary-  dead- 
wire  testing  for  this  project  is  being  executed  by  International  Engineering  Com- 
pany, Inc.,  San  Francisco,  California  under  contract  with  the  U.S.  Department  of 
Transportation,    Federal   Railroad   Administration    (DOT/ERA). 

As  this  project  is  presently  under  construction,  I  have  included  illustrations 
for  purposes  of  description,  as  well  as  photos  of  selected  features  constructed  to 
date. 

Project   Aim 

The  primary  purposes   of  the  Pueblo  Electrification  Project  are: 

1.  Vehicle  testing. 

2.  Pantograph  development  and  dynamics  testing. 

3.  Catenary  systems  testing  and  development. 

4.  Testing  and  development  of  facilities  related  to  railroad  electrification. 

Initial  emphasis  is  to  test  programs  related  to  the  Northeast  Corridor  Improve- 
ment Project   (NECIP)   such  as  testing  of  the  overhauled  Metroliners. 

Power    System 

The  power  supply  is  drawn  from  a  line  tap  on  an  existing  115  kV  line.  A 
new  one-half  mile  of  115  W,  single  circuit,  three-phase,  H-frame,  wood  pole 
transmission  line  supplies  the  traction  substation  located  near  the  Raihoad  Test 
Track  (RTT)  and  Train  Dynamics  Track  (TDT)  ttimout  (Exhibit  2).  The  trac- 
tion power  substation  is  single-phase  vvdth  pro\-ision  for  future  dual-phase  opera- 
tion; it  is  instrumentated  with  recording-tyi>e  meters  and  instruments  for  future 
flexibility  in  testing. 

A  simplified  schematic  of  the  traction  transfonner  is  shown  in  Exhibit  3.  Con- 
nected to  an  incoming  115  kV  single-phase  connection,  the  transformer  produces 
secondare-  or  low  \oltages  of  50  kV,  25  kV  or  12.5  kV.  The  \arious  secondary- 
voltages  are  selected  by  series/parallel  connections  between  the  four  transformer 
secondary-  bindings.  An  ofi^-load  tap  changer  has  been  provided  to  permit  -|-10% 
to  —355^  \ariation  of  any  secondary-  voltage  to  the  catenary-  svstem.  A  tertiary 
winding  provides  for  future  connection  of  filter  banks  or  capacitors  for  harmonic 
filtering  or  power  factor  correction  if  desired. 


"  Chief,    Electric   Traction   Department,    International   Engineering   Company. 
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Exhibit  4  is  a  photograph  of  the  traction  transformer  (without  radiators  and 
coohnp  fans)  mounted  on  a  heavy  duty  flat  car  while  undergoinK  short  circuit 
testing  The  transformer  is  rated  at  16/23.3  MVA,  OA/FA  (self-cooled  rating  of 
16  M\'A:  forced  air  cooled  rating  of  23.3  MVA).  This  size  is  sufficient  to  accom- 
modate a  10,000  hp  continuous  load  or  20,000  hp  for  15  minutes. 

Track    Layout 

The  simplified  track  layout  of  Exhibit  5  shows  those  tracks  intended  to  be 
electrified  under  this  project.  A  summary  of  the  trackage  is: 

Railroad  Test  Track   ( RTT) :    14.0  miles 

Train  Dynamics  Track   (TDT)   and  Facility  For 

Accelerated  Testing  ( FAST) :    6.8  miles 

Balloon  or  Turnaround  Track:    1.6  miles 

Catenary  Test  Section   (on  RTT):    1.0  mile 

Catenary 

Six  st>les  of  catenaiy  have  been  designed  for  installation  at  the  TTC.  Style  5, 
as  illustrated  in  Exhibit  6,  is  a  compound  type  consisting  of  contact,  auxiliary, 
and  messenger  wires — all  of  cadmium  copper.  It  is  a  constant  tensioned  system. 
This  catenary  is  similar  to  the  high  speed  equipment  proposed  for  use  in  the 
electrification  between  New  Haven  and  Boston  on  the  Northeast  Corridor.  Exhibit 
7  shows  the  simple  catenary  consisting  of  contact  and  messenger  wires  designed 
for  use  on  the  TDT/FAST  tracks;  it  is  also  constant  tensioned  and  typifies  catenary 
equipment  suitable  for  most  mainline  applications  in  the  USA.  Exhibit  8  illus- 
trates the  single  or  trolley  wire  system  to  be  installed  on  the  Balloon  track;  this 
style  is  generally  used  in  slow-speed  sidings  and  yards. 

The  catenary  support  poles  are  not  typical  of  structures  likely  to  be  found 
in  a  nruiinline  electrification  project.  As  shown  in  Exhibit  9,  they  consist  of  cast- 
in-place  pier  foundations  with  anchor  bolt  attachment  to  the  pole.  This  pole  is 
is  an  8\VF31,  steel  I-section. 

The  catenary  crossarms  are  clamped  to  the  pole  allowing  an  adjustability  in 
contact  wire  height  of  from  15  to  24  ft.  A  2/0  ACSR  (aluminum  cable,  steel 
reinforc-ed)  return  wire  is  clamped  to  the  pole  top  and  is  interconnected  with  all 
catenarv-  support  structures. 

Test   Section 

.\  catenary  test  section,  one  mile  in  length,  is  being  provided  in  order  to 
evaluate  alternative  overhead  contact  wire  systems.  Portal  structures,  as  shown  in 
Exhibit  10,  are  located  250  ft  apart  and  are  provided  with  two  catenary  support 
locations.  A  compound  catenary  ( Style  5X )  is  located  o\er  the  RTT  track  center- 
line  providing  continuity  through  the  test  section  with  high  speed  catenary.  The 
second  catenary  position  contains  the  catenary  or  catenaries  desired  for  test.  The 
catenarv-  over  the  track  centerline  is  mounted  on  crossarms  with  hinges  capable  of 
swinging  the  assembly  a  full  90°.  After  swinging  and  securing  the  high  speed 
catenary  out  of  the  way,  the  catenary  in  tlie  stored  position  can  be  rolled  into 
place  over  the  track  centerline  by  means  of  a  catenary  transfer  assembly  which 
rolls  on  the  beam.  The  system  is  designed  to  accommodate  catenaries  of  constant 
tension  or  fixed  equipment. 
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Initially,  two  styles  of  catenary  will  be  installed  in  the  Catenary  Test  Section. 
Exhibit  11  illustrates  the  1  mile  Test  Section  in  plain  view,  showing  one-half  mile 
each  of  Styles  1  and  3  catenaries  located  in  the  stored  or  out-of-running  position. 
The  Style  1  system  (Exhibit  12)  is  a  heavy  compound  catenary  now  in  use  on 
the  Northeast  Corridor,  Washington,  DC  to  New  York.  Style  3  (Exhibit  13)  is 
now  in  use  on  the  Northeast  Corridor,  New  York  to  New  Haven;  it  is  also  referred 
to  as  the  "hanging  beam"  because,  as  used  in  the  Northeast  Corridor,  a  steel 
channel  is  mounted  at  the  intermediate  mid-span  support  points  interconnecting 
adjacent  catenaries  in  multiple  track  areas. 

General 

Exhibits  14  through  22  feature  some  of  the  construction  to  date.  The  electri- 
fication construction  of  the  RTT,  Balloon  Track,  and  Catenary  Test  Section  is 
ex-pected  to  be  completed  by  late  summer  1979.  The  construction  of  the  TDT/FAST 
electrification  is  tentatively  slated  for  FY  1980. 
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Exhibit   4. — Traction   power  transformer   undergoing   testing. 
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Clamped  Attachment 


Typical  Support 


Bolted  Base 


■Concrete 
Foundation 


Exhibit  9. — Catenary  support  pole. 
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Exhibit    14. — Catenary   transfer   assembly   (1-milc   test   section)   mider   loadine   tests. 


Address  by  M.  L.  Lony 


343 


EiU^^ 


mu^. 


iilUlIt  .^ 


344 Bulletin  673 — American  Railway  Engineering  Association 


Address  by  M.  L.  Long 


345 


Exhibit    17. — Catenary    construction — placing    rcbar    caRc. 
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Exhibit  20. — Catenary  construction — setting  poles. 
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Inertial  Surveying  Along   Northeast  Corridor 
by  S.   R.  Maddox,  Jr.* 

Last  year  Maddox  and  Associates,  Inc.,  a  Washington,  D.  C.  based  survey- 
ing and  engineering  firm,  successfully  adapted  inertial  sui'veying  technology  to 
track  rehabilitation  design  along  a  30-mile  section  of  the  Northeast  Railroad  Cor- 
ridor. Previously,  Maddox  had  established  a  second-order  control  network  along 
the  entire  456-niile  route  between  Washington,  D.  C.  and  Boston,  Mass.  This 
was  a  separate  contract  to  DeLeuw,  Cather/Parsons,  general  engineering  con- 
sultant to  the  Federal  Railroad  Administration,  which  is  fvmding  the  $1.82  billion 
project.  For  tlie  smaller  assignment,  Maddox  served  as  subcontractor  to  Polytech, 
Inc.  of  Cleveland,  Ohio  to  provide  all  necessary  survey  information  for  the  design 
of  track  improvements. 

The  given  time  limit  was  six  weeks,  within  which  all  the  field  data  for  re- 
design of  high-speed  mainline  track  between  Washington  and  Baltimore  had  to 
be  accumulated  and  turned  over  to  Polytech.  Included  in  tlie  30-mile  project 
were  87  miles  of  mainline  track,  along  which  there  were  14  curve  sections  totaling 
29  miles.  Locations  on  curves  were  taken  every  50  ft,  while  58  miles  of  tangent 
were  located  at  275  ft  on  centers.  All  frogs,  switches  and  cross-overs  within  four 
interlockings  were  positioned  as  were  20  sidings  for  a  distance  of  1000  ft  from 
the  mainline.  The  survey  also  included  the  location  of  approximately  1100  catenary 
towers,    culverts,   manholes,   bridge   abutments   and   other   track   obstructions. 

If  conventional  survey  procedures  had  been  used,  the  horizontal  work  would 
have  taken  2,448  survey  crew-hours  to  complete — a  task  that  would  have  required 
the  efforts  of  11  crews  for  5.5  weeks.  Four  additional  field  crews  would  ha\'e  been 
needed  to  meet  the  same  deadline  for  the  submission  of  the  track  cross-sections 
and  bridge  location  data. 

By  using  the  Spanmark  Inertial  Smveying  System  and  its  operations  crews, 
Maddox  required  only  four  members  from  its  own  staff  and  was  able  to  complete 
all  field  work  in  just  four  weeks.  Adjusted  positional  data,  in  geodetic  and  state 
plane  datum,  was  furnished  two  weeks  thereafter. 

Inertial  surveying  is  a  procedure  by  which  one  pinpoints  latitude,  longitude, 
and  elevation  using  a  computer  controlled  process  known  as  gyrocompassing.  This 
procedure  is  an  outgrowth  of  the  inertial  guidance  technology  tliat  was  developed 
in  the  late  1960's  for  the  U.  S.  Air  Force's  missile  and  jet  aircraft  programs.  In 
1974,  the  Defense  Mapping  Agency  adapted  the  use  of  this  technology  to  survey- 
ing, and  its  first  commercial  application  came  one  year  later. 

Compact    IS    Equipment 

The  inertial  surveying  equipment  consists  of  three  primary  components:  a 
control  unit,  an  on-board  computer,  and  a  gyrostabilized  control  platform.  The 
survey  equipment  can  be  transported  and  used  aboard  a  land  \ehicle  or  a 
helicopter. 


President,    Maddox   and    Associates,    Inc. 

351 


352  Bulletin  673 — American  Railway  Engineering  Association 

The  heart  of  the  equipment  is  the  gyrostabilized  platform.  It  contains  three 
orthogonally  mounted  accelerometers.  During  gyrocompass  operation,  two  gyros 
first  sense  the  eartli's  rotation.  They  then  orient  themselves,  one  facing  a  North/South 
direction,  and  the  other  East/West.  The  platform  is  energized  at  a  known  point 
(A),  as  shown  in  Fig.  1,  with  the  accelerometers  that  measure  movement  of 
the  equipment  Ijeing  aligned  in  northerly,  easterly  and  vertical  directions.  As  the 
vehicle  (a  hi-rail  in  this  case)  travels  from  its  starting  point  (A),  the  equipment 
it  carries  measures  the  vertical  and  horizontal  components  of  its  acceleration. 
These  measurements  are  then  converted  to  distance  signals  from  which  the  on- 
board computer  calculates  the  latitude,  longitude  and  elevation  of  any  selected 
point  along  the  path  of  travel  such  as   (B),  shown  also  in  Fig.   1. 

To  supplement  and  increase  the  positioning  capability  of  the  inertial  survey- 
ing system,  an  electronic  device  for  measuring  distance  is  mounted  on  top  of 
the  platform.  This  unit  enables  the  inertial  surveying  equipment  to  tie  in  the 
position  of  off-track  points  by  means  of  distance  and  azimuth  measurements 
from  the  control  platfonn. 


Tight   Planning    Essential 

Thorough  project  and  logistical  planning  is  the  key  to  a  successful  inertial 
survey.  Delays  cannot  be  tolerated  since  costs  can  be  in  excess  of  $4,000  per  day 
for  equipment  rental.  Also,  with  heavy  and  world-wide  demand  for  the  use  of 
this  equipment,  the  leasing  schedule  for  a  specific  project  usually  cannot  be 
extended.  Hence,  if  all  field  data  is  not  gathered  within  the  time  allotted,  it  must 
then  be   taken   at   a   later  date   by  conventional  methods. 

In  the  corridor  survey,  planning  required  that  a  t^vo-man  reconnaissance 
team  and  a  flagman  walk  the  track  prior  to  the  survey.  Part  of  their  task  was  to 
recover  the  second-order  control  monuments  Maddox  had  established  a  year  earlier. 
This  crew  also  set  intermediate  control  points  for  the  Washington-Baltimore 
stretch  by  driving  nails  into  the  foundations  of  all  catenar\'  towers  on  the  east 
side  of  the  tracks.  Finally,  they  coded  all  obstmctions  that  would  have  to  be  tied 
in  on   both   Maddox's  project  maps   and   on  the   ground. 

Communication    a    Priority 

A  good  working  relationship  had  to  be  established  with  Amtrak  in  order 
to  assure  the  success  of  the  project,  since  asking  for  access  with  a  hi-rail  truck 
to  one  of  the  most  heavily  traveled  rail  corridors  in  the  world  presented  a  unique 
challenge.  While  some  of  the  future  problems  were  foreseen  during  the  planning 
stage,  and  resolved,  others  could  not  have  been  forecasted. 

Hi-rail    Difficult   to    Get 

Obtaining  a  high  rail  truck  in  wliich  to  mount  the  equipment  pro\ed  to  be 
somewhat  difficult.  Neither  Amtrak,  Conrail,  DeLeuw,  Gather,  Parsons,  nor  the 
Washington  Metropolitan  Area  Transit  Authority  had  an  available  \ehicle.  Three 
leasing  firms  that  were  recommended  to  us  were  not  willing  to  rent  a  hi-railer  for 
less  than  a  one-year  period.  Fortiuiately,  we  did  find  one  firm  that  was  willing 
to  lease  a  vehicle  on  a  daily  liasis.  Had  it  not  W'vn  for  this  firm,  the  project  could 
have  been  scnibbcd  before  it  started. 
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Figure   1. — Inertial  surveying. 


354  Bulletin  673 — American  Railway  Engineering  Association 

The  frequency  and  type  of  delays  Maddox  encountered  defied  explanation. 
For  example,  in  spite  of  the  fact  that  the  hi-rail  truck  was  new,  it  had  a  habit 
of  stalling  two  to  three  times  a  day  for  the  first  week,  and  once  or  twic-e  a  week 
thereafter.  Everytime  the  truck  stalled,  the  inertial  equipment  shut  down.  WTien 
the  vehicle  was  restarted,  the  survey  was  delayed  for  at  least  VA  hours  while 
the  system  reoriented  itself.  We  also  suffered  four  truck  derailments.  It  seemed 
miraculous  that  the  vehicle,  with  its  $1  million  worth  of  equipment,  ne\er  turned 
over.  We  discovered  that  the  hi-rail's  wheels  were  not  trimmed  proi>erly  at  the 
time  of  their  installation  and  wouldn't  hold  a  trim  despite  the  best  efforts  of  a\ail- 
able  mechanics.  Obviously,  the  hi-rail  derailments  and  the  resulting  delays  often 
strained  relations  with  local  tower  personnel  as  well  as  the  controller's  office  in 
Baltimore. 

Before  beginning  the  project,  we  were  informed  that  we  would  face  delays 
because  of  the  scheduling  of  passenger  and  freight  trains.  We,  indeed,  did  face 
delays  and  they  were  extreme.  However,  thanks  to  the  efforts  of  the  engineer/ track 
inspector  assigned  to  us,  we  were  able  to  overcome  partially  their  priorit\-  problems 
and  work  an  average  of  3/2  to  4  productive  hours  each  night.  Nevertheless,  fi\e 
miles  of  track  had  to  be  located  conventionally  when  later,  Track  1  at  tlie  north 
end  of  the  job  was  shut  down  indefinitely  for  repairs.  Three  train  derailments  and 
mishaps  scattered  along  the  whole  stretch  of  track  also  cost  us  precious   time. 

Location  of  single  and  multiple  tracks,  along  with  1100  specific  obstructions 
in  a  heavily  traveled  corridor,  represented,  perhaps,  the  most  difficult  application 
to  which  inertial  survey  technology  can  be  put  on  railroads.  Nevertheless,  we 
felt  it  met  the  challenge  successfully.  The  inertial  output  checked  ver\'  closely 
with  the  conventional  survey  data  gathered  in  the  overlapping  sections  of  the 
project,  the  standard  deviation  being  0.13  ft.  The  close  compatibilit>-  of  such 
results  verified  to  our  satisfaction  that  inertial  surveying  techniques  can  generate, 
on  railroads,  data  that  is  as  accurate  and  reliable  as  that  obtained  by  con\entional 
surveying  techniques. 

Maddox  feels  there  is  a  future  for  inertial  surveying  applications  to  railroad 
design  and  construction.  When  mounted  in  a  hi-rail  vehicle,  the  inertial  system 
can  provide  the  designer  with  continuous  horizontal  and  vertical  track  alignment 
data  as  well  as  track  superelevation.  Off-line  structures  can  be  positioned  success- 
fully as  well.  Also,  utilization  of  the  Spanmark  system  seems  ideal  for  right-of- 
way  surveys. 

In  most  cases  where  a  new  railroad  line  is  to  be  constructed,  a  photogram- 
metric  survey  is  required.  Not  only  can  inertial  sur\ey  equipment  be  used  to 
position  picture  point  control,  but  it  can  also  l>e  employed  to  coordinate  the 
preliminary  alignment  for  the  new  track.  The  sur\eying  system  will  also  establish 
positions  on  baseline  monumentation  necessary  for  both  design  and  construction. 
All  of  the  information  gathered  by  this  system  can  be  stored  on  9-track  tape  and 
formatted  for  compatibility  with  any  computer  hardware.  This  can  be  accomplished 
within  one  week  of  completion  of  a  sur\ey. 


Advantages    and    Disadvantages 

As  is  the  case  with  any  new  technology,  inertial  surveying  has  its  limitations. 
It  can  prove  to  In-  c\tremc]>    costly  unless  performed  liy  individii;ils  who  thoroughh' 
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understand  the  equipment,  its  use  and  its  linutations,  and  are  adept  at  manaKinji 
sursey  projects. 

The  system  also  otters  tremendous  advantages  to  the  user.  It  can  be  operated 
in  any  weather,  and  day  or  night.  Positions  are  recorded  directly,  and  no  reduc- 
tion of  field  data  is  necessary.  Unadjusted  positional  information  is  immediately 
retrievable  for  field  checks.  Also,  the  system  can  be  used  as  a  guidance  s\stem  in 
recovering  any  point  of  known  position.  The  computer  can  keep  track  of  the- 
distance  of  travel  and  the  mobile  platform  allows  for  easy  ott-setting  around 
obstructions.  A  line  of  sight  between  tra\erse  points  is  not  necessary. 

Lastly,  inertial  surveys,  with  a  minimum  of  personnel,  can  be  conducted  5  to 
20  times  faster  than  by  conventional  techniques,  and  they  ha\e  the  potential  for 
significant  cost  savings. 


Economics  of  Freight  Car  Size 

or 

Where's  the  Bottom  of  the  Bathtub 

by  G.   H.  Way* 

When  I  was  first  asked  by  Dave  Noble  and  then  again  by  your  Board  of  Direc- 
tion to  organize  a  presentation  for  you  today  on  the  economics  of  freight  car  size, 
my  reaction  was  doubly  negative.  First,  I  thought  "haven't  we  beaten  that  dead 
horse"  a  few  too  many  times  already.  To  my  knowledge,  Charlie  Code  addressed 
the  issue  first  and  at  least  from  the  point  of  view  of  rail  more  than  adequately  in 
1957.  I,  myself,  joined  with  Shef  Lang,  Paul  Barmer,  Bob  Taylor,  and  Bob  Ahlf 
on  this  same  platform  to  discuss  it  in  1975.  In  1977  J.  R.  Simnygard  of  the  Union 
Pacific's  Marketing  Department  once  again  went  after  "heavy  cars,"  specifically 
125  ton  cars,  as  the  harbingers  of  evil  to  the  trackman.  Not  only  has  AREA  devoted 
more  than  a  fair  share  of  its  attention  to  this  issue,  but  so  as  well  have  other  bodies. 
Archie  Patterson  of  British  Rail  spoke  to  it  here  in  Chicago  at  RSMA's  conference 
on  the  Dynamics  and  Economics  of  Track  Systems  in  1969.  Bill  Hammond  at  the 
Dresser  Engineering  Conference  in  Buffalo  did  the  same  in  1966  and  Imre  Reiner 
of  Chessie  and  Paul  Reistrup  of  ICG,  among  others,  all  reported  on  this  issue  at  the 
.\nnual  AAR  Cost  Analysis  meeting  in  St.  Louis  in  1974.  And  I  am  certain  that 
others  in  other  times,   and  other  places,  have  done  so  as  well. 

Since  there  is  still  a  consuming  interest  in  tlie  contro\ersy,  obviously,  the 
subject  and  many  questions  relating  to  it  are  not  a  dead  horse  after  all. 

My  second  reaction  was  "My  God,  we're  not  ready  yet.  "  We  have  a  study  in 
progress  at  the  AAR,  jointly  participated  in  by  our  Office  of  Engineering  Economics, 
Shef  Lang's  staff  studies  people,  FAST,  and  the  Track/Train  Dynamics  Program; 
but  it  is  not  nearly  complete.  It  is  going  to  be  embarrassing  to  stand  up  there  and 
admit  to  our  colleagues  how  woefully  ignorant  we  are  about  an  issue  that  has 
been   for  so  long  of  such   paramount  importance  to   this   industry. 

And  so  there  I  was  witli  a  dead  horse  alive  and  well  after  all  and  only  sketchy 
answers  to  a  significant  engineering-economics  problem,  and  I  had  to  agree  that 
yes,  it  was  time  to  examine  once  again  where  we  stand  with  respect  to  tlie  eco- 
nomics of  freight  car  size. 

Let  me  begin  by  saying  tiiat  I  believe  we  are  very  much  smarter  than  we  e\er 
have  been  before  on  this  subject,  even  if  we  may  be  further  from  a  definitive  answer 
to  what  optimal  size  may  be.  We  believe  we  know  why  we  ha\en't  foimd  tlie 
answer  yet,  in  spite  of  all  die  effort  some  very  talented  people  ha\e  expended  looking 
for  it.  The  problem  is  of  course  not  only  very  complex,  transcending  traditional  aca- 
demic disciplines  and  railroad  departmental  stnictiues,  but  it  is  d\namic  as  well  in 
that  many  of  the  factors  influencing  it,  such  as  labor  and  material  costs,  are  con- 
stantly changing. 

The  problem  of  determining  optimal  freight  car  size,  as  we  now  understand 
it,  is  so  complex,  in  fact,  that  it  most  probably  defies  an  single  answer.  IntuitiveK 
and  simplisticalK ,   we  have  asserted  that  there  are  a  family  of  cur\es,  each  repre- 
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senting  the  cost  to  part  of  the  industry  of  moving  freight  in  various  size  cars.  First, 
there  is  a  curve  for  car  maintenance,  our  figures  (See  Figures  1^)  indicate  tliat, 
while  it  increases  on  a  car  mile  basis,  it  is  almost  flat  on  a  T-M  basis;  one  for  new 
car  cost,  which  dramatically  descends  as  cars  increase  in  size;  one  for  transportation, 
which  also  descends;  and  one  for  track  maintenance,  which  dramatically  increases 
with  axle  load.  We  continue  to  assert  that  if  we  combine  these,  a  single  curve  results, 
and  we  assume  that  it's  shaped  like  a  bathtub;  and  all  we  have  to  do  is  find  its 
bottom.  Unfortunately,  while  this  approach  has  much  appeal,  attempting  to  follow 
it  leads  one  into  a  good  many  pitfalls,  some  of  which  are  enonnously  difficult  to  get 
out  of  again.  Bob  Ahlf  pointed  out  that  in  his  1975  paper,  "Four  Axle  Cars  and 
Their  Maintenance-of-Way  Costs"  that  tlie  penalties  of  higher  axle  load  are  a  func- 
tion, in  part,  of  track  modulus;  and  that  stiffer  track  is  not  only  l>etter  able  to  handle 
heavier  cars,  but  that  the  incremental  deterioration  inflicted  on  track  by  heavier 
axle  loads  is  less  than  for  softer  track.  Herein  lies  the  beginning  of  the  problem  for 
the  simplistic  approach  described  above.  Quite  obviously,  tlie  stiffness  of  track  varies 
from  place  to  place.  And  when  we  inquire  further,  we  find,  not  surprisingly,  that 
maintenance-of-way  cost  increments  for  heavier  axle  load  are  influenced  by  factors 
other  than  track  motlulus  as  well — things  like  curvature  and  grade;  and  these  also 
are  variables  from  one  place  to  another. 

Hence,  we  don't  have  a  single  maintenance-of-way  cost  vs.  axle  load  curve 
to  use  in  building  the  bathtub  we're  trying  to  find  tlie  bottom  of.  And  just  to  make 
matters  worse,  we  find  that  the  other  cost  curves — notably  the  transportation  cost 
curve — is  also  route  specific.  So  maybe  we  can  build  a  bathtub  after  all,  but  when 
we  have  it  built  the  point  on  die  bottom  we're  looking  for  will  be  strictly  applicable 
to  one  kind  of  service  over  one  specific  route.  Obviously,  even  that  bathtub  is  a 
useful  one,  particidarly  for  selecting  equipment  to  be  used — say  in  unit  train  sendee 
over  one  railroad  line.  We  have  an  example  of  a  very  specific,  if  hypothetical,  case 
study  of  how  to  build  such  a  bathtub,  and  I'd  like  to  turn  now  to  John  P.  Sammon,** 
who  will  describe  how  this  example  works  and  perhaps,  more  importantly,  some  of 
its  imphcations,  especially  those  concerning  track. 


See  John  P.   Sammon's   address   following  figures. 
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Preliminary  Study  of  Rail  Car  Size 
by  John   P.   Sammon 

As  George  mentioned,  our  work  to  date  is  far  from  complete.  However,  our 
preliminary  results  may  provide  some  insight  into  the  difficulties  associated  with  this 
problem.  As  you  all  know,  the  trend  toward  larger  rail  cars  has  been  controversial. 
Because  larger  rail  cars  have  greater  capacities,  they  are  thought  to  reduce  unit 
operating  costs.  The  higher  axle  loadings  imposed  by  larger  cars,  on  the  other  hand, 
are  thought  to  increase  track  component  wear  and  fatigue,  and  raise  roadway  main- 
tenance costs.  Unfortunately,  no  one  knows  whether  the  operating  and  equipment 
cost  reductions  associated  with  heavier  rail  cars  are  greater  than  die  track  maintenance 
and  upgrading  cost  increases.  The  object  of  our  study  is  to  pull  all  of  these  elements 
of  this  question  together  and  see  how  all  cost  elements  are  affected  by  changes  in 
axle  load. 

Progress  to   Date 

Our  preUminary  analysis  compared  the  simulated  780  mile,  one-way  loaded 
movement  of  two,  8000  trailing  gross  ton,  unit  trains.  One  train  consisted  of  70-ton 
hopper  cars,  while  the  other  consisted  of  100- ton  hopper  cars.  The  line  chosen  for 
the  simulation  had  a  variety  of  gradient  and  curvature  characteristics.  The  cost 
comparison  included  four  major  categories:  roadway  maintenance,  transportation, 
car   capital,   and   car  repair.    ( Switching  costs   were  not  included. ) 

Roadway  maintenance  and  transportation  costs  were  estimated  for  each  train 
with  a  simulation  model  run  by  a  western  railroad.  Representative  prices  for  new 
100-ton  and  70-ton  bottom  dump  hoppers  were  chosen  from  estimates  supplied  by 
car  builders,  railroads,  and  the  UMLER  rail  equipment  data  file.  Equipment  life 
was  estimated  at  15  years,  and  annual  car  mileage  was  assumed  to  be  75,000  miles. 
Car  repair  expenses  were  averaged  for  70-ton  and  100-ton  hoppers  on  a  car-mile 
basis  as  a  function  of  hopper  car  age. 

Figure  1  shows  the  comparative  costs  of  70-  and  100-ton  hopper  cars  in  cents 
per  car-mile.  As  you  can  see,  the  100-ton  car  is  more  costly  on  a  car-mile  basis.  In 
addition  to  the  larger  car  being  more  costly  in  terms  of  transportation  and  capital 
expense,  the  larger  car  maintenance-of-way  costs  are  over  80  percent  more  costly 
on  a  car-mile  basis. 

While  car-mile  expenses  show  the  impact  of  each  car  passing  in  terms  of  road 
maintenance,  transportation,  and  car  capital  and  repair  expense,  tliey  do  not  ade- 
quately reflect  the  greater  cargo-carrying  capability  of  the  larger  car.  (See  Figiu-e 
2. )  The  net  ton-mile  is  really  the  proper  basis  for  a  comparison  of  larger  and  smaller 
cars.  On  this  basis,  the  70-  and  100-ton  cars  are  nearly  identical  in  total  cost — 
there  is  only  a  tsvo  percent  difference  in  these  totals.  The  100-ton  car  road  main- 
tenance costs  are  now  26  percent  greater  than  the  70-ton  car  road  maintenance 
costs,   while   the   larger  cars   are   less   costly   in   all   other  categories. 

While  the  relatixe  differences  in  net  ton-mile  cost  are  important,  it  is  also  the 
relative  importance  of  each  cost  category  which  determines  the  significance  of  the 
impact  resulting  from  changes  in  axle  load. 
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Road  maintenance  and  transportation  are  the  two  largest  cost  categories,  ac- 
counting for  about  90  percent  of  the  costs  in  this  example,  figure  3.  Smaller  changes 
in  these  two  categories  will  yield  more  significant  impacts  on  total  cost  than  will 
larger  changes  in  car  capital  or  car  repair.  One  reason  the  car  capital  costs  are  so 
low-  is  the  high  annual  mileage  which  we  assumed  for  this  example.  At  average 
annual    mileages,    however,    unit    capital    costs    approach    road    maintenance    costs. 

Track  geometry  has  an  important  influence  upon  roadway  maintenance  costs, 
figure  4.  Our  simulation  was  run  through  four  crew  districts.  Two  of  these  districts 
had  rather  different  cur\e  and  grade  characteristics.  One  was  a  relatively  flat  and 
tangent  desert  stretch,  while  the  other  crew  district  lay  mostly  in  mountain  terrain. 

Over  the  relati\ely  flat  district,  there  was  about  a  20  percent  difference  in  road 
maintenance  costs  bet\veen  the  large  and  small  cars,  while  over  the  mountain  district 
this  difference  was  greater  than  30  percent.  The  road  maintenance  costs  for  tlie 
100-ton  car  increased  about  42  percent  in  this  example  as  curves  and  grades  became 
more   severe. 

Thus,  even  this  limited  example  shows  that  there  are  probabK  significant 
variations  in  track  costs  caused  by  differences  in  line  characteristics. 

There  are  several  precautions  which  must  accompany  the  results  from  this 
preliminary-,  and  as  of  yet,  incomplete  analysis.  First,  since  this  was  a  one-wa> 
case,  the  unit  cost  per  ton-mile  will  nearly  double  when  the  return  haul  is  accounted 
for.  However,  because  the  100-ton  car  train  will  be  lighter  and  shorter  and  there 
will  be  little  difference  in  axle  load  on  the  return  haul  between  the  70-  and  100-ton 
cars,  the  unit  cost  spread  should  widen  somewhat  in  favor  of  the  larger  cars. 

Secondly,  one  possible  shortcoming  of  the  road  maintenance  costing  model 
used  here  is  that  it  may  not  adequately  account  for  rail  failure  as  a  result  of  fatigue. 
As  a  result,  it  could  be  that  the  road  maintenance  estimates  generated  for  this 
example  may  underestimate  the  actual  damage  caused  by  100-ton  cars.  IdealK-,  the 
solution  to  this  analytical  shortcoming  lies  in  incorporating  rail  fatigue  models  into 
the  advanced  rail  wear  and  rail  costing  models  to  come  up  with  a  more  complete 
and  accurate  road  costing  methodology.  Such  a  model,  in  turn,  would  benefit  from 
validation  with  the  experiment  being  conducted  at  FAST  in  Pueblo. 

A  final  precaution  is  that  a  substantial  amount  of  work  remains  to  be  done  to 
develop  a  satisfactory  unit  train  case  comparison,  let  alone  an  adequate  carload 
operating  comparison.  The  complexities  introduced  by  adding  tenninal  and  switch- 
ing costs  and  general  interchange  service  are  not  addressed  by  this  preliminary 
work,   yet  they  are  important   dimensions  of  the  problem. 

Aside  from  these  caveats,  I  do  belie\e  that  we  can  draw  some  conclusions  from 
this  example.  First,  as  George  Way  has  said,  there  may  be  no  such  thing  as  an 
optimum  car  size.  An  optimum  car  size  may  be  appropriate  only  within  a  given  set 
of  technological,   geographic  and  operational  parameters. 

Second,  it  is  possible  that  railroads  may  be  able  to  afford  a  capital  premium 
in  exchange  for  technological  advances  which  improve  the  ride  quaUties  of  hca\ier 
cars.  Because  capital  costs  are  relatively  smdl  in  high-mileage  cars  compared  to 
road  maintenance  costs,  it  may  be  ad\antageous  to  pay  what  seems  like  a  substantial 
additional  sum  for  self-steering  trucks,  for  example,  if  road  maintenance  costs  were 
reduced  by  a  small  percentage. 
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Finally,  gi\en  the  cost  trade-offs  between  70-  and  100-ton  cars,  it  does  not 
appear  that  the  railroad  industry  has  necessarily  made  a  bad  decision  by  purchasing 
100-ton  cars.  It  may  be  true,  however,  that  going  to  the  larger  car  size  has  not  gi\'en 
railroads  the  significant  cost  advantage  which  was  tliought  to  result  from  100-ton 
cars.  The  total  cost  reduction  associated  wiUi  larger  cars  may  result  more  from 
multiple  car  handlings  than  from  increasing  car  sizes  alone. 


Figure  1 


Comparative  Costs 
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8000  Gross-Ton  Unit  Trains; 
780  Mile,  One-Way  Loaded  Trip 


Figure  2 
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Comparative  Costs 
(Cents  Per  Net  Ton-Mile) 

Freight  Car  Car 

Maintenance  Transportation       Repair  Capital 
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780  Mile,  One-Way  Loaded  Trip 
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Figure  3 

Distribution  of  Costs 
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Figure  4 

Road  Maintenance  and  Track  Curvature 
(Cents  Per  Net  Ton-Mile) 
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8000  Gross-Ton  Unit  Trains; 

780  Mile,  One-Way  Loaded  Trip  Over  Four  Crew  Districts 


Further  Comments 
by  G.   H.  Way 

The  shape  of  these  optimization,  minimum  cost,  or  bathub  curves  is  crucially 
important  from  several  different  aspects.  If  they  are  fairly  flat-bottomed  over  a  rea- 
sonably broad  range,  in  other  words,  if  they  do  not  discriminate  critically  between 
axle  loads,  then  we  are  under  less  urgent  need  to  be  certain  that  our  analysis  is 
precise,  for  the  consequences  of  error  are  less  dramatic.  At  the  same  time,  the  inter- 
change of  optimally-sized  cars  for  one  railroad  to  another  is  less  likely  to  cause 
economic  penalty  to  either  carrier.  On  tlie  other  hand,  if  tlie  bottom  of  the  individual 
bathtub  curves  are  fairly  sharp  or  pointed,  we  must  be  very  careful  to  ensure  Uieir 
accuracy  and  the  valichty  of  the  data  used  to  constnict  them.  The  sharper  they  are, 
the  less  chance  there  is  for  having  individual  curves  overlap  in  such  a  way  that  it 
makes  little  difference  if  we  happen  to  be  using  the  one  for  the  route  and  service 
imder  consideration. 

I  have  always  found  it  less  tedious  to  deal  with  specific  examples  than  abstrac- 
tions when  trying  to  get  my  mind  around  a  problem  such  as  this.  If  you  will  recall 
the  example  described  by  John  Sammon  just  now,  you  will  remember  that  the 
overall  or  total  cost  curve  he  presented  was,  in  fact,  essentially  flat  between  70 
and  100  tons  for  the  coal  service  examined.  While  such  a  situation  offers  little  solace 
to  the  maintenance-of-way  officer  concerned,  it  is  reassuring  to  tlie  company's  chief 
executive.  The  maintenance-of-way  expenses,  while  significantly  higher  for  100  ton 
cars,  are  largely  offset  by  savings  in  otiier  areas,  notably  in  capital  costs.  Such 
information   should   be   of   inestimable   value    in   establishing   departmental   budgets. 

Let  me  turn  for  a  moment  from  this  rather  technical  discussion  to  an  aspect  of 
the  currently  popular  railroad  deregulation  issue.  If  you  have  been  following  this 
political  and  economic  issue  at  all  carefully,  you  are  aware  that  a  cornerstone  of 
the  legislation  is  tlie  proposition  that  railroads  should  be  essentially  free  to  set  their 
prices  or  rates  as  dictated  by  their  costs  and  the  competitive  marketplace  and  to 
do  so  without  regulatory  constraint  imposed  by  the  Interstate  Commerce  Commission. 
From  a  railroader's  perspective,  such  a  motion  is  ctliically  and  morally  no  less 
controversial  than  motherhood  or  patriotism.  But  it  is  also  rationally  necessary. 
The  foregoing  remarks  relating  to  axle  loads  and  railroad  costs  provide  a  convenient 
example  of  why  flexibility  in  pricing  is  essential  if  railroads  are  to  provide  efficient 
interline  freight  service. 

Going  back  to  our  collection  of  bathtub  curves,  we  ha\e  already  pointed  out 
the  advantage  to  a  carrier  of  identifying  a  proper  cost  curve  for  a  specific  service, 
say  a  unit  coal  train  between  two  points  on  his  line  (See  Figure  6).  But,  we  have 
also  established  that  tlie  cost  elements,  especially  the  track  maintenance  expenses, 
vary  as  a  function  of  the  line  characteristics,  the  curvature  and  modulus.  In  John 
Sammon's  example  the  track  costs  varied  over  a  range  of  40  percent  between  die 
mountain  portion  and  the  desert  portion;  and  that  was  on  a  single  carrier's  mainline 
trackage  where  similar  standards  of  construction  and  maintenance  can  reasonably  be 
presumed.  Imagine  the  variation  which  is  possible  if  we  compare  several  carriers' 
different  standards,  terrain,  and  weather;  and  then  throw  in  a  light  traffic  branch  line 
for  good  measure.  We  can  easily  have  a  situation  such  as  represented  by  these 
curves,   of  first,   maintenance-of-way  expense,  and  then,   total  cost   (See  Figure  7). 
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But,  at  least  half  of  all  railroad  freight  movements  are  interchanged  at  least 
once  before  they  get  to  where  they  are  going.  The  problem  we  face  in  an  analysis 
aimed  at  detennining  optimum  axle  load  is  then  one  of  first  asking,  "optimum  for 
whom?"  Clearly,  our  studies  seem  to  say  the  answer  is  not  necessarily  the  same 
for  everyone;  and  in  fact,  there  can  be  direct  conflict  between  the  several  parties 
or  railroads.  For  those  who  bear  the  major  share  of  equipment  cost,  the  incentive 
is  certainly  for  heavier  axle  loads,  and  for  those  whose  maintenance-of-way  costs 
are  dominate,  the  incentive  is  turned  to  reduce  axle  loads.  We  are  becoming  con- 
vinced, moreover,  that  while  there  may  be  an  optimal  axle  load  for  a  car  in  captive 
service,  at  least  for  a  certain  point  in  time,  there  probably  is  not  a  single  optimal 
axle  load  for  general  service  interchange  cars.  Unless  all  railroads  are  average  and 
identical  to  one  another,  and  that  certainly  is  not  the  case,  someone  must  suffer  less 
than  optimal  axle  loads.  That  railroad's  only  recourse  to  a\oid  paying  a  financial 
penalty  it  probably  cannot  afford  is  to  have  the  freedom  to  set  his  rates  at  a  level 
to  compensate  for  his  increased  costs.  It  can  be  argued  that  joint  rates  so  determined 
disadvantage  those  who  have  invested  heavily  in  track  in  the  following  way.  A  rail- 
road with  substantial  track  structure  selects  a  fairly  heavy  car  and  assigns  it  to 
interchange  service  where  it  must  travel  a  light  traffic  branch  of  a  neighbor  for 
whom  the  car's  axle  loads  are  uneconomic.  The  neighbor  in  turn  sets  the  rates  for 
his  portion  of  the  service  sufficiently  high  to  cover  his  increased  costs.  The  resiJting 
joint  rate  is  now  noncompetitive  with  trucks  and  the  business  is  lost  to  both  carriers. 

I  can  only  respond  that  those  are  the  facts  of  railroad  life.  They  ha\'e  alwa>s 
been  true  even  if  we  didn't  recognize  them.  While  this  industry  is  a  collection  of 
individual  carriers,  fike  it  or  not,  our  customers  judge  us  and  make  decisions  based 
on  our  collective  performance.  The  strong  have  always  paid  a  penaltv'  for  the  less 
strong  and  always  will.  It  is  therefore  in  our  collective  best  interest  to  include  con- 
sideration of  one  another  in  making  decisions  that  affect  one  another,  including  those 
about  axle  load. 

There  is  one  last  point  I'd  like  to  make  before  closing.  Heavy  cars,  or  light 
ones  for  that  matter,  don't  do  a  whole  lot  of  damage  to  track  standing  still.  It  is  not 
static  wheel  loads  that  abrade  rail,  batter  joints,  or  deteriorate  ties  and  ballast.  It  is 
dynamic  loads  that  cause  the  trouble.  In  the  past  we  have  generally  assiuned  that 
dynamic   loads   were   static  load   multiplied  by  some  arbitrary  factor. 

As  we  have  developed  better  measurement  capability,  we  have  developed  a  some- 
what more  sophisticated  understanding  of  dynamic  loads.  What  we  have  concluded 
is  that  dynamic  loads  are  subject  to  modification.  While  they  cannot,  of  course,  be 
reduced  beyond  static  values,  tliey  can  be  reduced.  Through  the  Track  Train  Dy- 
namics program,  we  are  beginning  to  explore  ways  in  which  we  can  make  100  ton 
cars  appear  to  track  like  something  less  than  conventional  100  ton  equipment.  More 
sophisticated  suspensions,  steerable  trucks  and  the  like  may  be  very  useful  concepts. 
If  we  can  shift  the  maintenance-of-way  cost  to  die  left  on  the  curves  we've  been 
looking  at,  we  vv  ill  have  made  the  batlitub  deeper  and  die  total  cost  of  transportation 
lower  and  as  a  consequence,  improved  the  effectiveness  of  rail  transportation. 

In  summarv-,  I'd  like  to  repe^it  an  earlier  statement.  We  as  an  industry  are  woe- 
fully ignorant  on  the  whole  subject  of  i\xle  load,  freight  car  economics,  and  general 
management  of  what  is  rapidly  becoming  the  most  expensive  part  of  railroad  opera- 
tion. There  are  surely  better  ways  to  optimize  the  railroad  s>stem  from  better  freight 
car  utilization   to  better  freight  car/ track   interaction. 


Address  by  G.  H.  Way  371 


We  can't  now,  as  I'm  sure  yon  have  figured  out,  tell  you  what  size  freight  car 
is  best  for  track  or  railroads.  We  may  never  be  able  to  answer  it.  What  we  do  have 
reasonable  expectation  of  being  able  to  do  is  put  the  equations,  the  model,  if  I  may 
be  permitted  the  jargon,  sufficiently  in  place  that  tlie  best  size  car  for  a  specific 
service  can  be  deteniiined.  In  short,  we  must  find  the  bottom  of  the  bathtub.  I  don't 
believe  we  are  sitting  on  it  now  and  its  rather  comfortable. 


Southern   Railway  Research 
by  W,   W.   Simpson* 

I'm  happy  to  be  here  and  have  the  opportunity  to  discuss  with  you  Southern 
Railway's  research  efforts.  I  am  also  proud  that  I  was  asked  to  participate.  I 
don't  think  it  is  too  common  for  a  former  round-house  foreman  from  the  mechani- 
cal department  to  have  the  opportunity  to  make  a  speech  before  the  people 
who  now  lead,  and  who  in  the  future  will  lead,  the  MW&S  departments  of  the 
nation's  railroads. 

Being  now  responsible  for  both  the  mechanical  operations  and  maintenance 
of  way  operations  on  Southern,  it  is  natural  to  draw  some  comparisons  between 
the  operation  of  one  versus  the  operation  of  the  other.  One  outstanding  difference 
is  in  the  handling  necessary  during  the  time  of  recession  or  budget  reduction. 
Mechanical  supervisors  have  a  different  problem  from  the  track  people  in  these 
periods  when  the  economy  is  down.  In  most  cases,  the  demand  for  cars  is  less, 
so  therefore  the  bad-order  car  ratio  can  be  allowed  to  increase.  But,  because  of 
the  reduced  demand,  we  manage  to  keep  a  fleet  of  equipment  available  for  traffic 
demands,  in  relatively  good  mechanical  condition.  Therefore,  at  times  of  recession, 
the  mechanical  department  can  adjust  its  expenses  by  setting  aside  cars  and 
locomotives  which  were  not  needed  anyway.  This  in  most  cases  has  little  impact 
on  the  efficiency  of  the  operation  of  the  railroad. 

In  the  maintenance  of  way  area,  as  you  all  recognize,  a  track  cannot  be 
taken  out  of  service  due  to  budget  restraints.  Maintenance,  it's  true,  can  be 
deferred,  which  can  result  in  a  lower  class  track.  Slow  orders  can  be  put  on,  but 
if  done  over  a  lengthy  period  of  time  can  result  in  false  economy  as  the  railroad 
suffers  from  increased  crew  cost,  increased  per  diem,  and  reduced  reliability  of 
service,   all   leading   to   lost   revenue   to   the   competition. 

The  measurement  the  rail  industry  has  used  historically  in  the  allocation  of 
its  funds  to  the  \'arious  departments — maintenance  of  equipment,  maintenance  of 
way,  transportation — has  been  based  on  a  ratio  of  the  gross  re\enue  dollar.  Fi.xed 
charges,  transportation  costs  (including  fuel)  must  be  allocated  first  and,  there- 
fore, the  maintenance  program  is  affected  by  the  size  of  these  charges.  A  new 
spiral  of  fuel  cost  increases  will  finally  result  in  less  maintenance  dollars  for  main- 
tenance of  way  or,  perhaps,  maintenance  of  equipment.  We  have  been  aroimd 
long  enough  to  recognize  that  during  periods  of  economic  recession  the  size  of 
our  maintenance  programs  will  have  to  be  reduced.  We  know  that  diese  periods 
of  economic  recession  will  come — we  just  don't  know  e.xactly  when.  In  fact, 
economists  have  been  threatening  us  with  a  recession  now  for  some  two  years  and 
it  still  has  not  arrived. 

The  successful  manager  of  our  maintenance  of  way  and  structures  resources 
must  plan  ahead  for  these  periods  of  recession.  We  must  plan  our  expenditures 
in  good  times  so  that  a  cutback  in  our  maintenance  program  of  reasonable  dura- 
tion does  not  result  in  lowering  the  class  of  track  or  increasing  the  number  of 
slow  orders,  because  this,  as  pointed  out  above,  results  in  increased  expenses  in 
other   areas   which    can    and    will    result    in    further   reductions    in    the   maintenance 
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programs.  As  George  Allen  put  it  when  he  was  the  Washington  Redskins  c-oach, 
"The  future  is  now."  I  recognize  that  George  did  not  survive  as  a  eoach,  hut  if 
we  as  a  railroad  industry  are  to  survive  in  a  free  economy,  we  had  l:)etter  adopt 
George's  slogan. 

What  tools  does  the  maintenance  of  way  and  structures  supervisors  have  to 
improve  his  operation  plan?  I  know  that  we  can  list  many,  but  any  plan  needs  to 
make  use  of  all  the  technology  available  if  it  is  to  be  tndy  effective.  Therefore, 
for  the  time  I  have  with  you  today,  let  us  discuss  the  role  of  technology  as  it 
applies  to  MW&S.  What  technology  is  available?  What  technology  is  needed?  What 
technology  is  considered  near-term  and  what  is  considered  far-term?  And  most 
importantly:  Who  will  manage  and  finance  the  research  required  to  adapt  UKxlern 
technology  to  today's  MW&S  needs? 

One  type  of  research  effort  is  best  exemplified  by  the  AAR/RPI/DOT/track 
train  dynamics  program.  As  a  member  of  the  steering  committee  of  this  group,  I 
am  aware  of  the  work  being  performed.  We  are  just  beginning  to  touch  on  some  of 
the  many  track-related  problems.  The  work  being  performed  at  Pueblo  in  track 
train  dynamics  is  beginning  to  show  some  results.  These  programs  ha\e  shown 
the  basic  need  for  emphasis  on  track  related  research.  You,  as  MW&S  officers, 
recognize  that  the  American  railway  track  structure  has  paid  the  price  in  the  past 
for  failure  to  perform  adequate  track  research.  Within  our  own  career  spans,  rail 
cars  grew  in  size,  length,  and  weight  which  resulted  in  a  change  in  wheel-rail 
forces.  The  time  to  recognize  the  wheel-rail  force  change  is  before  the  car  or 
locomotive  is  finalized  and  built.  All  too  many  times  we  have  seen  a  new  rail  car 
placed  on  our  railroads  which  resulted  in  the  necessity  of  "band-aid"  type  fixes  to 
the  car  and  strengthening  of  the  track  structure.  We  hope  our  present  computer 
simulation  models  can  be  tuned  to  predict  adverse  wheel-rail  interaction  and 
eliminate  the  "brush  fire "  effort  of  our  business. 

The  industry  should  increase  its  support  to  collective  research  organized  in  a 
similar  fashion  to  the  track  train  dynamics  program,  and  not  continue  to  look  to 
the  outside  for  increasing  aid.  Increased  internal  support  for  this  type  of  research 
program  will  allow  us  more  freedom  and  flexibility  to  pursue  the  types  of  research 
that  will  improve  the  efficiency  of  our  business.  This  support  should  be  in  the 
form  of  a  genuine  interest  on  your  part  to  become  active  in  AAR  research  as  well 
as  a  commitment  of  increased  funds  by  our  industry  to  diis  research  effort.  Indi- 
vidual railroads  should  evaluate  this  collective  research  and  test  effort  and  plan 
its  own  track  train  dynamics  program  to  supplement,  not  compete,  with  this  work. 
The  basic  and  far-term  research  should  be  left  to  those  institutions  with  the  staft 
and  funds  that  are  in  keeping  with  the  complexity  and  magnitude  of  the  project. 

As  an  individual  railroad,  we  need  to  make  every  effort  to  apply  proven 
technology  to  our  operations.  On  Southern,  we  look  to  each  department  head  to 
do  whatever  is  needed  to  make  innovation  a  part  of  each  officer's  daily  responsi- 
bility. Innovation  on  the  part  of  the  entire  management  team  can  collectively 
improve  our  operations  to  a  larger  degree.  A  collection  of  many  innovative  proc- 
esses can  be  as  effective  as  a  major  technological  breakthrough.  Our  Alexandria 
laboratory  gives  technical  support  to  these  field  officers  whenever  the  need  is 
requested.  They  also  have  their  own  projects  which  supplement  the  field  tech- 
nology applications.  Non-operating  people  also  provide  modem  cost  effective  tech- 
nology to  our  operating  officers,  which  improves  the  total  process.  An  example  of 
this   is   the  planning  that  went   into  the   construction  of  our  last  two  classification 
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yards,    Sheffield   and   Linwood.    Our   management   information    services   department 
played  a  big  role  in  the  team  planning  of  these  yards. 

Another  tool  necessary  to  adapt  technology  is  real  time,  factual  information. 
Southern's  quality  control  engineering  section  provides  us  with  the  details  of  our 
problem  areas  and  checks  the  validity  of  our  information  type,  quantity',  and 
quality.   Only  with  correct  data  can  we  make  cost  effective  technology  decisions. 

Let's  now  discuss  how  Southern  utilizes  applied  technology  to  improve  opera- 
tions, increase  efficiency,  and  plan  for  the  future. 

One  technological  advance  utilized  by  Southern  is  our  track  geometry  inspec- 
tion car,  R-1.  This  car  is  capable  of  measuring  seven  basic  track  geometry  parame- 
ters, and,  with  its  on-board  computer,  calculating  several  parameters  from  these 
basic  seven.  It  is  a  heavy-weight  car  and  can  operate  at  track  speed. 

Of  course,  the  near-term  advantage  is  obvious.  The  MW&S  personnel,  who 
traditionally  accompany  the  car  during  testing,  are  provided  with  an  inrunediate 
indication  of  any  irregular  track  conditions  that  exist  on  their  line.  The  car  utilizes 
a  paint  marking  system  to  aid  in  locating  these  exceptions  on  the  ground.  The 
MW&S  personnel  may  also  use  this  list  of  exceptions  to  notice  any  trends  that 
might  be  developing  on  this  track  by  comparing  data  from  previous  tests.  We 
have  built  up  a  good  data  bank  of  information  over  more  than  10  years  of  operat- 
ing the  vehicle.  A  car  index  on  derailments  vs.  track  geometry  is  maintained  for 
the  pvupose  of  track  geometry  limit  validity.  It  was  found  that  a  quick  change 
in  gage  can  have  an  adverse  affect  on  wheel-rail  dynamics.  It  is  also  possible  to 
combine  track  geometry  data  over  a  given  track  segment  to  find  car  rocking  loca- 
tions.  This  information  is  real  time  and  is  available  to  our  track  forces  instantly. 

The  R-1  also  has  a  long  term  advantage.  I  do  not  need  to  tell  you  about 
the  costs  involved  with  a  timbering  and  surfacing  gang;  nor  why  the  difficulty  of 
properly  scheduling  their  work.  Since  financial  resources  are  limited,  it  is  impera- 
tive that  T&S  work  be  scheduled  only  where  necessary  and  that  all  track  requiring 
T&S  work  is  included  in  the  schedule.  Our  R-1  helps  out  in  this  area  by  using 
u  unique  system  to  rate  each  mile  of  track.  This  information  is  supplied  to  the 
people  in  our  quality  control  engineering  section.  They  then  examine  the  data, 
utilizing  a  computer  which  takes  into  account  traffic  density-  and  provide  MW&S 
with  a  schedule  for  T&S  work. 

Of  course,  MW&S  planning  cannot  be  done  entirely  by  a  computer,  but  along 
with  data  from  the  field,  the  MW&S  management  now  has  a  good  tool  to  aid  in 
their  decision  concerning  T&S  work. 

Some  of  the  greatest  opportunities  in  railroad  engineering  lie  in  the  area  of 
de\eloping  quantitative  answers  to  where  our  maintenance  of  way  dollars  should  be 
.spent.  Decisions  are,  of  course,  made  every  day  allocating  maintenance  of  way 
dollars.  But  there  is  a  great  deal  of  engineering  judgment  involx  ed,  and  undoubtedly' 
variations  in  the  persuasiveness  of  indi\'idual  engineers  can  have  an  impact  on  the 
actual  allocation  of  resources.  Recognizing  there  wnll  always  be  a  place  for  engi- 
neering judgment,  it  is  still  desirable  to  arrive  at  quantitative  measures  of  track 
condition  that  will  pennit  valid  comparisons  and  better  decisions. 
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The  quality  control  engineering  group  recently  completed  a  study  of  the 
relationship  between  derailments  and  track  geometry  as  measured  by  our  track 
geometry  car.  We  analyzed  six  different  parameters  at  up  to  three  severity  levels 
each.  These  are  the  definitions  of  the  parameters  studied.  From  a  rigorous  statistical 
analysis  of  the  data,  a  mathematical  relationship  was  determined  between  derail- 
ment rate  and  two  of  the  variables,  namely,  what  we  call  twist  level  1  and  align- 
ment level  1.  Level  1  is  defined  as  a  track  geometry  exception  just  above  the  noise 
level  of  the  equipment.  This  relationship  with  derailment  risk,  or  the  track  geometry 
rating  as  we  call  it,  abbreviated  TGR,  is  given  by  the  formula  on  this  slide: 

TGR  =  5.5  (level  1  hvist)  +  1.6  (level  1  aligrmient)  +  10.4  although  other 
parameters  correlate  well  with  derailment  rate,  they  also  correlate  strongly  with 
level  1  and  level  1  alignment.  Therefore,  we  were  unable  to  improve  the  predic- 
tion of  derailment  rate  by  adding  any  of  the  other  parameters.  Since  this  is  a 
three  dimensional  relationship,  this  slide  is  the  best  we  could  do  in  getting  it  on 
to  a  two  dimensional  chart.  Some  idea  of  the  quality  of  the  correlation  can  be 
obtained  from  this  graph.  The  relationship  is  significant  at  the  .9995  level  which 
means  there  are  only  five  chances  in  10,000  that  we  could  have  gotten  this  kind 
of  a  correlation  by  chance  alone,  that  is,  where  there  was  no  real  relationship. 

Of  coiuse,  you  cannot  maintain  an  entire  railroad  to  one  standard  of  quality. 
It  has  to  be  related  to  the  trafiic  density  that  each  line  carries.  So  otir  next  step 
in  this  study  was  to  develop  an  economic  model  taking  freight  traffic  densit>'  into 
account.  I  will  not  bore  you  with  the  details,  but  in  essence  what  we  did  was 
equate  the  cost  of  derailments  with  the  cost  of  surfacing  using  present  value 
analysis.  This  gave  us  a  different  TGR  (track  geometry  rating)  threshold  for 
different  levels  of  freight  traffic  density  as  shown  on  this  slide.  These  thresholds 
were  chosen  to  balance  the  cost  of  surfacing  against  an  expected  benefit  of  sur- 
facing, that  is,  reduction  in  derailments.  If  the  TGR  equals  the  threshold,  then 
the  cost  of  the  surfacing  would  equal  the  present  value  of  the  cost  of  the  derail- 
ments expected  to  be  prevented.  Since  high  density  track  carries  more  traffic  per 
year,  the  benefit  from  surfacing  this  track  accrues  more  quickly  than  the  benefit 
from  surfacing  lower  density  track.  Therefore,  the  threshold  for  high-densit>'  track 
is   much  lower  than  for  low-density  track. 

We  have  only  recently  introduced  this  concept  on  our  railroad,  but  we  are 
already  finding  it  a  valuable  tool  for  making  sure  that  problem  locations  are  not 
overlooked  in  developing  our  maintenance  schedules.  We  are  also  looking  at  the 
other  side  of  the  coin,  and  re-examining  segments  that  are  schediJed  for  mainte- 
nance that  have  a  very  low  TGR.  Right  now,  we  are  in  a  familiarization  period; 
but  I  believe  that  when  this  technique  is  refined,  taking  into  account  the  cost  of 
slow  orders  as  well  as  derailments,  for  example,  it  will  prove  superior  to  time-based 
scheduling,  the  approach  we  are  presently  using. 

The  potentials  of  the  approach  are  exciting.  If  the  condition  of  the  track  can 
be  quantified,  and  I  am  satisfied  that  within  useful  limits  it  can  be,  the  technique 
can  be  used  to  provide  a  variety  of  answers.  These  include  measuring  quality 
differences  between  gangs,  measiuing  track  degradation  witli  time,  and  determin- 
ing those  factors  which  have  the  greatest  impact  on  track  degradation.  It  also 
makes  possible  quantitative  comparison  of  different  track  maintenance  methods 
and  determining  how  long  their  eflFect  lasts. 
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Photo  4. 


DERAILMENT    RATE    VERSUS   LEVEL     I 
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Photo  5. 
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Photo  6. 

TRACK  GEOnETRY  RATING  (TGR) 
FOR  VARIOUS  FREIGHT  TRAFFIC  DENSITIES 
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We  ha\e  taught  our  computer  the  TGR  formula,  so  that  each  time  we  gather 
new  track  geometry  data,  the  computer  revises  the  TGR  for  each  mile  of  track 
in  the  file.  For  some  time  we  have  been  producing  computer  generated  track 
profiles.  We  have  recently  added  a  graphical  display  of  the  track  geometry  rating 
and  the  applicable  threshold  giving  a  visual  impression  of  the  quality  of  each  mile 
of  track.  The  program  that  does  this,  by  the  way,  is  quite  flexible.  We  can  selec-t 
most  of  the  data  in  our  track  characteristics  master  file  and  display  it  along  with 
the  profile  and  the  TGR  in  a  computer-generated  rail  chart.  Here  is  a  sample. 
This  format  has  proved  very  helpful  as  a  quick  reference  in  our  periodic  track 
inspection  trips  and  in  judging  overall  track  quality  for  maintenanc-e  planning. 

The  ne.xt  series  of  slides  show  simulated  service  test  equipment  at  our  Alexan- 
dria laboratory.  Track  produced  forces  affect  not  only  rail  related  hardware,  but 
the  entire  car  structure.  Failures  of  truck  related  parts  are  usually  produced  by 
force  that  exceeds  the  fatigue  limit  of  the  steel  part.  We  want  to  know  the  direct 
relationship  of  forces  between  vehicle  and  rail  and  the  effect  of  one  to  the  other. 

This  slide  shows  a  machine  ingeniously  and  cheaply  adapted  to  give  a  quick 
answer  to  an  urgent  question:  How  much  is  the  life  of  a  tie  plate  shortened  when 
it  is  in  a  "bridging"  condition  due  to  insufficiently  wide  adzing?  The  machine 
cycles  up  and  down  continuously,  24  hours  a  day,  7  days  a  week,  placing  a  wheel 
load,  25,000  pounds,  on  the  tie  plate  every  time  it  cycles.  In  a  couple  of  months, 
it  has   done  more  than  five  million   cycles,  breaking  many  tie  places. 

This  machine  is  similarly  used  in  testing  truck  springs,  exploring  the  lives  of 
different  alloys  and  also  establishing  whether  the  reconditioning  of  springs  would 
economically  extend  their  life. 

The  test  set-up  is  also  used  to  measure  the  forces  on  springs  and  snubber 
wedges  as  they  respond  to  simulated  track  action.  Unwanted  energ>-  arises  as 
trucks  negotiate  lo\\-  joints  and  other  track  imperfections,  and  snubbers,  absorbing 
this  energ>',  contribute  very  much  to  improxing  the  riding  qualitj'  of  the  car. 

Many  other  types  of  tests  invohing  repeated  load  application  can  be  done 
with  these  cyHnders,  by  building  a  suitable  fixture  and  installing  in  it  the  specimen 
and  the  required  number  of  cylinders,  which  can  be  regulated  to  give  a  c-ontrolled 
force,  or  stroke,  or  strain  gage  reading.  We  can  do  load  tests,  wear  tests,  and 
vibration  tests. 

We  have  tested  truck  Iwlsters,  rail  joints,  coupler  parts,  hydraulic  snubbers, 
switch  mechanisms,  and  so  on,  putting  on  the  equivalent  of  \ears  of  operation  in 
a  few  weeks. 

Another  tool  designed  and  constructed  at  the  laboraton,'  is  the  car  rocking 
mechanism.  It  consists  of  a  thick  concrete  slab,  acting  as  a  support  and  reaction 
mass  far  the  loads  and  forces  generated.  This  reinforced  slab  carries  two  cradles — 
one  for  each  of  the  car's  trucks.  These  steel  frames  rest  on  rollers  so  that  they  caH 
rock  or  seesaw  about  a  line  down  the  center  of  the  track,  and  each  cradle  is 
operated  by  a  h>draulic  actuator  pulling  on  a  le\er  built  into  the  cradle. 

The  rail  movement  normally  used  in  tests  is  plus  and  minus  X  in.  to  simulate 
%  in.  low  joints.  The  actuators  can  be  operated  in  phase  with  each  other  or  with 
a  phase  angle  to  simulate  different  rail  lengths.  The  speed  of  operation  can  l>e 
varied  to  simulate  a  car  speed  of  0  to  32  mph. 

Instrumentation  attached  to  the  car  records  its  response,  or  degree  of  rocking. 
First,  the  critical  speed  where  the  response  is  greatest,  is  found,  then  tlie  response 
is  measured,  or  the  percent  of  wheel  unloading  is  measured  by  strain  gages  attached 
to  the  rails,   or  the  spring  and  gib  l)ehavior  can  be  obsers'ed  and  measured. 
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Photo  7. — Computer  generated  rail  chart. 
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Photo  8. — Simulated  service  test  equipment  at  Alexandria  laboratory 
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Plioto   9. — Car  rocking  mechanism  at  laboratory. 
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The  laboratory  is  moving  ahead  with  another  research  tool,  a  truck  turntable. 
When  a  car  enters  the  spiral  of  a  curve,  the  truck  must  swivel  with  respect  to  the 
car  body.  If  there  is  too  much  resistance  to  turning,  force  on  the  lead  wheel 
becomes  high,  causing  heavy  wear  on  rail  and  wheel,  and  the  possibilit>-  of 
derailment. 

The  truck  turntable  is  intended  to  measure  this  turning  resistance  and,  of 
course,  to  see  how  it  may  be  changed  by  age,  wear,  or  special  side  bearing  devices. 

The  turntable  is  designed  to  simulate  any  spiral  in  the  field,  which  increases 
its  superelevation  as  it  enters  the  curve.  This  turntable  will  have  the  unique  feature 
of  tilting  as  it  turns  to  simulate  increasing  superelevation. 

With  the  truck  on  the  turntable,  the  other  end  of  the  car  will  rest  on  one 
of  the  car  rocker's  cradles  which  will  be  actuated  to  tilt  at  the  same  rate,  so  that 
the  whole  car  leans  over  just  as  it  does  when  entering  a  real  curve.  This  full-scale 
simulation  is  very  important.  The  variables  can  be  controlled  and  the  testing  is 
much  safer. 

I  think  you  can  see  the  practical  aspect  of  this  device.  It  can  tell  us  the  need 
for  additional  car  snubbing;  it  can  tell  us  whether  some  of  our  track  geometry 
limits  should  be  changed;  and  it  can  help  us  with  train  operational  instructions. 
The  device  can  also  evaluate  various  types  of  snubbing  products.  The  pulsating 
load  equipment  can  evaluate  the  life  of  these  products. 

Other  developments  which  have  produced  significant  improvements  in  the 
maintenance  of  way  area  are  the  all-welded  turnout  and  glued  insulated  joints. 
Both  of  these  innovations  offer  advantges  of  low  maintenance,  improved  ride 
quality,   and  stronger  track  structure  as  well  as  corresponding  cost  benefits. 

The  first  glued  insulated  joints  were  developed  in  1968  in  conjunction  with 
several  adhesive  companies  and  a  joint  bar  manufacturer.  During  the  developmental 
stage,  a  variety  of  high  strength  structural  adhesives  and  joint  bar  designs  were 
tested.  The  end  result  is  a  maintenance-free  joint  which  will  last  as  long  as  the 
rail  in  which  it  is  installed.  Glued  joints  eliminate  the  problems  inherent  in  ordi- 
nary insulated  joints,  i.e.,  loose  bolts,  end  batter  of  rail,  and  insulation  failure. 
Gone  also  is  the  need  for  frequent  close  inspection.  Whereas  ordinar\-  insulated 
joints  require  maintenance  as  early  as  three  weeks  after  installation,  glued  joints, 
if  properly  installed  and  manufactured,  require  only  periodic  close  inspection. 
Presently,  the  research  and  test  department  is  working  to  improve  the  glued  joint 
by  experimenting  \\ith  quick-curing,  high-strength  adhesi\es  which  will  enable 
assembling  and  installing  die  joint  entirely  in  the  track.  This  will  eliminate  the 
two  themiit  welds  and  short  rail  sections  associated  with  the  joint  in  its  present 
form. 

All  wheeled  tiunout  designs  have  l)een  under  evaluation  In-  the  research  and 
test  department  since  1972  and  in  1976  the  final  design  was  put  into  ser\ice.  The 
purpose  was  to  eliminate  all  but  insulated  joints  in  the  turnout.  The  result  is 
reduced  wear  and  improved  ride  qualit>',  as  a  result  of  improved  line  and  surface. 
Joint  bolts  are  eliminated  along  with  the  problems  of  bolt  lo<isening  and  breakage, 
end  batter  of  rails,  and  the  need  for  frequent  inspection.  Weld  repairs  are  no 
longer  required.  In  addition,  the  rail  ends  at  the  heel  blocks  are  eluninated.  Based 
on  the  service  performance  of  welded  turnouts  presently  in  track,  a  significant 
improvement  has  been  made  to  an  otherwise  weak  and  high  maintenance  part  of 
the  track  stnicture. 
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One  of  our  latest  innovations  is  an  automatic  rail  wear  inspection  system 
which  we  call  "ARWIS."  We  have  had  numerous  start-up  difficulties  with  the 
hardware  of  this  vehicle;  however,  we  should  soon  be  operational.  This  hi-rail 
vehicle  takes  samples  of  rail  wear  at  present  inter\'als  while  traveling  at  20  mph. 
The  data  is  printed  out  on  a  tape,  as  shown  here.  You  can  see  that  top  and  side 
wear  is  shown  for  each  rail  wth  the  distance  from  the  milepost  given  in  feet. 
Curves  are  indicated  in  red,  tangents  in  black.  Origin  of  this  \ehicle  dates  back  to 
a  time  several  years  ago  when  we  had  derailments  on  badly  worn  rail.  Our  man- 
agement wanted  a  limit  placed  on  rail  wear  and  a  device  suitable  for  making 
accurate  measurements.  Realistic  rail  wear  limits  were  developed  as  were  hand- 
held gages  for  making  wear  measurements.  These  limits  proved  successful  in  pre- 
venting derailments  as  a  result  of  excessive  rail  wear.  The  gages  were  very  useful 
in  providing  accurate  rail  wear  measurements;  but  use  of  the  hand  gages  system- 
wide  was  time-consuming.  We  believe  this  device  should  let  us  obtain  the  ma.\i- 
mum  use  of  rail  within  safe  operating  liinits  for  each  class  of  track.  There  is  no 
new  technology  in  the  "ARWIS"  parts.  It  is,  however,  an  example  of  how  our 
industry  can  adapt  present  technology  into  a  useful  tool  to  satisfy  our  industr>''s 
demands  or  needs.  This  is  what  I  like  to  refer  to  as  applied  research. 

I  have  attempted  to  cover  a  few  items  Southern  is  doing  to  improve  our  opera- 
tion and  keep  our  costs  down.  You  may  ask  if  our  effort  can  be  justified  as  enough 
or  too  much.  I  don't  think  you  can  say  it  is  too  much  as  it  represents  approxi- 
mately one-tenth  of  one  percent  of  our  total  gross  income.  If  you  consider  total 
money  spent  by  our  industry  on  research  and  tests,  it  would  be  less  than  this 
figure.  I  think  we  can  all  agree  more  railroad  technology  would  be  desirable.  You 
and  I  both  can  think  of  many  areas  of  need.  For  example,  we  don't  know  how  to 
properly  evaluate  the  performance  of  ballast  in  the  laboratory.  What  could  be  more 
elementary  to  our  business  than  this. 

We  all  recognize  the  need  for  better  information  on  the  strength  of,  or  per- 
formance of,  our  track  structure.  In  recent  years,  it  has  become  evident  to  us  that 
it  would  be  desirable  to  quantify  the  strength  or  load  carrying  capacity.  In  ctu-- 
rent  track  standards  or  inspection  techniques,  only  inspection  of  track  geometry, 
together  with  inspection  of  components  for  defects  or  irregularities  is  performed. 
For  rail,  ultrasonic  or  magnetic  techniques  are  used  for  inspection,  while  visual 
inspection,  sometimes  coupled  with  ride  quality,  is  used  for  other  track  components. 
Thus,  the  question  of  determining  the  capability  of  a  given  section  of  track  to 
withstand  a  realistic  loading  environment  remains  unanswered. 

Southern  is  presently  pursuing  this  matter  by  participating  in  the  track-train 
dynamics'  research  program  on  track  strength  research.  The  purpose  of  the  track 
strength  characterization  program  is,  ( 1 )  to  develop  a  technique  for  the  determina- 
tion of  the  ability  of  the  track  to  withstand  anticipated  service  loads,  and  (2)  to 
utilize  this  technique  for  the  development  of  recommended  track  strength  require- 
ments  for   the   different   categories  of  track. 

This  work  is  currently  being  undertaken  by  a  series  of  tests  in  the  Association 
of  American  Railroads'  track  test  laboratory  in  Chicago  and  static  track  tests  on 
vavrious  railroads.  Information  gained  here  will  he  used  to  design  prototype  test 
equipment  to  make  measurements  in  the  field  of  actual  mainline  track.  These 
track  strength  parameters  are  being  investigated: 

1.  Vertical  track  modulus 

2.  Lateral  track  modulus 

3.  Gage  widening  resistance 

4.  Longitudinal  track  modules 
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Photo   11. — Automatic  rail  wear  inspection  s>stem — **AR\VIS.'' 
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We  are  hopeful  this  work  will  pay  di\idends  to  the  railway  industry  for  it  is 
our  belief  that  more  efficient  maintenance  practices  and  a  better  track  structure 
will  result  when  railroads  know  more  about  the  evasive  subject  of  track  strength. 
Again,  this  is  basic  research  that  we  need. 

What  could  be  more  basic  than  rail?  Has  rail  technology  advanced  to  the 
degree  it  should?  To  answer  this,  I  would  like,  now,  to  go  back  into  the  past  for 
the  moment.  The  slide  shown  is  the  microstructure  of  an  old  wrought  iron  U-rail 
used  on  the  Richmond  and  Danville  Railroad,  one  of  our  predecessor  lines,  around 
1865.  This  material  had  a  hardness  of  121  blm  and  consisted  of  a  relatively  pure 
iron  matrix  with  numerous  slag  stringers.  Tlie  slag  stringers  themselves  are  a 
comple.x  mixture  of  phases  as  shown  on  the  next  sUde.  The  railroad  industry 
started  out  with  wrought  iron  as  the  basic  material  of  construction.  This  was  the 
situation  until  the  late  1870's  when  steel  started  to  be  used  in  significant  quantities. 
ShowTi  now  on  the  screen  is  the  microstructure  of  one  of  those  early  steel  rails. 
This  e-xample  is  from  a  75-lb  rail  rolled  in  the  1880's.  Note  the  slag  inclusion 
indicating  that  the  material  was  dirty  by  today's  standard.  This  material  had  a 
hardness  of  210  bhn.  Today,  most  of  the  railway  industry  uses  rail  of  around 
130-140-lb/yard  weight  for  their  main  line.  In  its  unheated  form,  it  exhibits  the 
microstructure  shown  here.  With  a  carbon  content  of  0.8%  it  has  a  hardness  of  250 
bhn.  That's  what  most  of  the  industry  is  using  at  present.  What  about  the  future? 
Shown  here  is  the  microstructure  of  \%  chrome  alloy  rail  that  we  are  currently 
experimenting  with.  It  has  an  extremely  fine  pearlitic  structure  and  a  hardness  of 
332  bhn.  So  fine,  in  fact,  that  it  takes  a  scanning  electron  microscope  to  resolve 
the  structure  as  shown.  This  is  a  10,00OX  magnification  of  the  microstructure. 
While  there  has  been  progress  in  rail  steels  when  we  compare  the  present  rail  to 
early  wrought  iron  U-rail  of  the  mid  180O's,  we  are  far  from  a  satisfactory  rail 
to  meet  our  current  levels  of  operation.  Significant  improvements  in  rail  metallurgy 
are  m-gently  needed  if  railroads  are  going  to  meet  their  anticipated  tonnage 
requirements. 

I  like  to  feel  that  Southern  is  a  progressive  railroad,  and  I  am  sure  many  of 
you  feel  the  same  about  your  respective  roads.  Our  perfoniiance  in  the  future 
will  be  affected  by  the  dedication  and  efi^ort  we  apply  to  figuring  out  ways  to 
get  the  job  done  better  by  using  available  technology  and  by  cooperating  and 
directing  research  that  will  provide  additional  usable  technology.  Our  performance 
in  the  futxire  will  be  affected  also  by  some  external  factors  over  which  we  have 
little  control — specifically  energy,  governmental  regulations,  and  inflation.  Looking 
at  the  railroad's  widespread  physical  plant,  its  lalxir-intensive  operation,  and  the 
problems  facing  us  indicate  that  we  must  utilize  all  the  tcchnolog)-  we  can  mustrr 
to  hold  our  present  share  of  inter-city  traffic.  The  energy  situation  and  the  federal 
go\'emment's  most  recent  inclination  toward  a  reduction  in  regulation  of  common 
carriers  might  very  well  provide  the  railroads  with  a  substantial  impro\ement  or 
increase  in  its  share  of  the  inter-city  traffic.  We  cannot  accept  the  increase,  how- 
ever, if  our  track  structure  is  not  strong  enough  to  accept  it.  We  must  plan  ahead, 
using  the  best  tools  available.  As  George  said,  "The  future  is  now." 

I  appreciate  your  invitation  to  speak  l^efore  this  fine  organization.  I  hope  we 
can  exhibit  to  all  concerned  that  our  industry  is  here  to  stay  and  we  can  remain 
a  good  competitive  carrier  in  the  private  sector  of  free  enterprise.  Thank  you. 


Bridge  Failure  on  the  Chicago  Transit  Authority's 
Dan  Ryan  Line 

by  Louis  Koncza* 

Engineers,  especially  structural  engineers,  have  the  habit  whenever  they  pass 
an  interesting  structiu-e  to  look  at  it  with  a  certain  amount  of  curiosity.  Travelling 
on  highways  when  we  pass  over  or  under  a  structure,  we  scan  the  structure  for  this 
or  that  detail  and  our  wives  always  wonder  what  it  is  we  are  looking  for,  and  then 
usually  tell  us  to  keep  our  eyes  on  the  road. 

On  Wednesday  morning,  January  4,  1978,  while  the  other  passengers  on  the 
Chicago  loop-bound  Rock  Island  Lines  commuter  train  relaxed,  read  a  book  or  their 
morning  newspaper,  it  was  fortunate  to  have  as  one  of  the  passengers,  Mr.  Heman 
Solarte,  a  civil  engineer  for  the  Rock  Island  Line.  Mr.  Solarte,  looking  out  of  the 
train's  window  scanned  the  passing  elevated  structure  at  18th  and  Clark  Streets. 
His  trained  eye  spotted  what  all  of  us  hope  never  to  see,  a  long  wide  crack  at  a 
critical  location  on  one  of  the  supporting  bents  of  the  "L"  structure. 

Arriving  downtown,  Mr.  Solarte  immediately  contacted  the  CTA's  engineering 
department  and  reported  his  observation.  A  CTA  inspection  crew,  dispatched  to  the 
site,  confirmed  Mr.  Solarte's  report  and  then  disco\'ered  t\\o  additional  cracked  bents 
east  of  the  cracked  bent  detected  by  Mr.  Solarte. 

The  structure  was  immediately  closed  to  traffic  and  the  CTA,  jointly  with  tlie 
department  of  public  works,  began  planning  emergency  measures  to  allow  the  struc- 
tiire  to  be  returned  to  service. 

By  Wednesday  afternoon,  the  same  day,  our  iron  workers  were  on  the  scene 
to   begin   a   round-the-clock   effort  to   implement   those   emergency  measiu-es. 

History  and  Description  of  Structure 

The  Dan  Ryan  Rapid  Transit  Elevated  Structure  was  designed  in  1967.  and 
constructed  in  1968,  as  part  of  the  Dan  Ryan  Rapid  Transit  Project. 

The  structure  begins  at  the  junction  with  the  existing  Jackson  Park-Englewood 
line  structure  near  16th  and  State  Streets.  The  structure  at  18th  Street  follows  a  300 
ft  radius  curve  and  proceeds  in  a  westerly  direction  along  tlie  south  side  of  18th 
Street  approximately  1,550  ft  untl  it  crosses  the  Rock  Island  tracks  near  Clark 
Street.  At  this  point  the  structure  curves  south  on  a  400  ft  radius  and  continues  for 
a  length  of  approximately  2,500  ft,  terminating  at  the  south  abutment  in  the  median 
strip  of  the  Dan  Ryan  expressway.  It  is  on  the  400  ft  radius  portion  of  the  structure 
where  the  three  cracked  bents  were  located. 

The  structure  is  of  welded  steel  construction.  The  superstructure  consists  of 
continuous  and  suspended  plate  girders  with  a  cast  in  place  concrete  ballast  trough. 
From  the  soutli  abutment  to  pier  35  where  the  structure  dixides  into  soutliboimd 
and  northbound  elements,  fifteen  single  column  and  twenty-  double  colmnn  bents 
composed  of  box  sections  support  the  superstructiire  girders.  The  piers  were  fabri- 
cated with  portions  of  tlie  superstructure  girders  welded  integralK"  within  tlie  pier 
caps.  At  single  column  piers  the  superstructure  fascia  girders  are  bolted  through  their 
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webs  to  the  ends  of  the  pier  caps.  The  girder  stubs  project  three  to  four  feet  from 
the  webs  of  the  cap  and  are  fabricated  to  connect  with  the  intervening  girder  with 
a  bolted  or  pin  connection.  At  piers  21  through  26  the  top  flangt^  of  the  superstruc- 
ture girders  pass  over  the  top  flange  of  the  pier  cap  and  the  bottom  flanges  of  the 
girders  pierce  the  pier  cap  through  slots  cut  into  the  lower  quarter  of  the  pier  cap 
webs.  The  open  area  between  the  slot  boundaries  and  the  flange  plate  cross-section 
is  filled  with  a  continuous  weld. 

Foundations  are  reinforced  concrete  sub-piers  to  rock,  with  reinforced  concrete 
caps  and  pedestals. 

Design   Criteria 

The  AREA  recommended  specifications  in  efi^ect  at  the  time  (1966-1967) 
formed  the  basis  of  the  design  criteria. 

The  live  load  used  for  the  design  of  tlie  structure  was  the  CTA  4000  Series 
Car  for  stress  analysis  and  the  2000  Series  Car  for  the  evaluation  of  allowable 
deflections. 

It  should  be  noted  that  trains  composed  of  2000  Series  Cars  have  been  used 
exclusively  on  the  Dan  Ryan  hne  since  its  opening.  The  axle  loads  of  the  2000 
Series  Car  are  approximately  70%  of  the  equivalent  4000  Series  Car  loading.  The 
specifications  provided  that  all  structural  steel  in  welded  girders  shall  conform  to 
ASTM  designation  A36  widi  a  minimum  yield  strength  of  36,000  psi  and  an  allow- 
able tensile  unit  stress  of  20,000  psi.  The  construction  specifications  were  the  Standard 
Specifications  for  Road  and  Bridge  Construction,  State  of  Illinois,  Department  of 
Public  Works  and  Buildings,  Division  of  Highways,  dated  January  2,  1958,  the 
supplemental  specifications  effective  January  3,   1966,  and  the  detail  specifications. 

All  welding  was  to  be  performed  in  accordance  with  the  latest  edition  of 
"Specifications  for  Welded  Highway  and  Railway  Bridges,"  of  the  American  Welding 
Society  and  the  detail  specifications. 

Since  rapid  transit  operation  began  the  structure  has  been  inspected  several 
times  by  CTA  as  part  of  their  scheduled  inspection  of  all  steel  elevated  structure 
which  is  carried  out  on  a  cycle  not  to  exceed  two  years.  The  most  recent  inspection 
prior  to  January  4,  1978,  was  conducted  in  July  of  1976;  no  defects  were  found. 

Emergency  Measures  Taken  to   Reopen   Structure  to  TraflRc 

As  I  mentioned  before,  by  early  afternoon  tlie  Department  of  Public  Works 
was  already  on  track,  getting  the  job  organized.  It  was  their  responsibility  to  coordi- 
nate the  combined  efforts  of  several  different  agencies;  provide  materials  and  equip- 
ment, and  direct  the  entire  operation.  The  coordination  effort  in  itself  was  a  difficult 
task  due  to  the  number  of  agencies  involved.  Besides  DPW  and  CTA,  who  were  the 
principals,  the  bureaus  of  forestry,  electrical  wiring  and  communications,  electricity, 
equipment  services,  and  street  traffic,  plus  the  police  and  fire  departments  were  all 
involved  in  supporting  roles.  Even  the  Salvation  Army  was  on  the  scene  with  hot 
coffee.  Careful  examination  showed  that  a  total  of  five  bents  were  flawed;  three 
with  visible  cracks,  plus  two  others  with  hairline  impairments. 

The  cracks  in  bents  Nos.  24,  25  and  26  were  found  extending  through  each 
box  girder's  bottom  flange,  web  plates  and  into  its  top  flange.  The  location  of  the 
cracks  is  shown  on  these  slides.  See  figures  1  and  2. 
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An  evaluation  of  the  failure  indicated  that  it  would  be  necessary  to  shore  the 
structure  in  order  to  reduce  the  load  carried  by  the  cracked  bents  before  CTA  train 
traffic  could  be  resumed.  The  shoring  was  to  be  of  a  temporary  nature  and  would 
be  removed   when  permanent  repairs  had  been  completed. 

When  the  shoring  work  began  on  Wednesday,  January  4,  the  weather  was 
relatively  balmy  for  early  Januar>',  and  it  was  everyone's  hope  that  the  job  could 
be  completed  before  the  weather  became  a  problem.  No  such  luck.  On  Sunday,  the 
8th,  the  mercury  plummeted  to  below  zero  with  a  wind  chill  in  the  neighborhood 
of  minus  60° F.  The  Siberian  effect  continued  more  or  less  the  entire  week,  turning 
construction  work  into  what  one  laborer  described  as  "pure  hell."  To  make  matters 
worse  for  the  workers,  the  urgency  of  the  task  required  round-the-clock  operations. 
The  iron  workers,  hoisting  engineers,  laborers,  carpenters,  motor  truck  drivers, 
machinists,  steam  fitters,  electricians,  and  consultants  alternated  12-hour  shifts.  The 
day  shift,  in  tliose  temperatures,  was  bad  enough,  but  \\  orking  throughout  the  night 
was  like  being  on  a  construction  site  in  the  Arctic. 

Construction  of  shoring  was  started  in  tlie  exening  of  January  4.  The  ground, 
which  was  solidly  frozen  at  the  time,  was  leveled  with  a  layer  of  crushed  stone. 
Mudsills,  consisting  of  heavy  timbers,  were  placed  on  a  crushed  stone  base  on  both 
sides  of  the  cracked  bents.  Falsework  towers  were  then  erected  on  the  mudsills. 
Erection  of  tliese  towers  started  on  January  5.  The  design,  fabrication  and  erection 
of  the  towers  for  bents  Nos.  24  and  25  was  by  the  CTA  and  bent  Xo.  26  by  tlie 
DPW.  On  January  13,  after  ten  days  of  continuous  labor,  falsework  tower  construc- 
tion at  bents  Nos.  24,  25  and  26  was  completed. 

In  the  evening  of  January  13,  one-half  of  tlie  theoretical  dead  load  was  trans- 
ferred from  each  cracked  bent  to  its  adjacent  falsework  tower.  This  transfer  was 
accomplished  by  a  set  of  eight  jacks  resting  on  the  top  of  each  tower  and  thrusting 
against  jacking  beams  attached  to  the  underside  of  tlie  four  existing  strigers.  This 
slide  shows  tlie  ;urangement  of  the  falsework  tower  for  bent  Xo.  26.  .After  comple- 
tion of  the  jacking  operation  shims  were  inserted  between  tlie  jacking  beams  and 
falsework  towers  and  the  jacks  were  tiien  relieved  of  their  load.  Strain  gauges  and 
optical  targets  which  had  previous\-  been  affixed  to  the  tower  legs  were  used  to 
monitor  stresses  and  settlements  wliich  were  induced  into  tower  by  the  transfer  of 
loads. 

Close  inspection  re\ealed  hairline  cracks  in  some  of  the  welds  of  bents  21  and 
22.  As  a  precautionary  measure  bents  Nos.  21,  22  and  23  were  then  also  pro\"ided 
with  shoring  and  jacks.  However,  loads  were  not  transferred  to  the  shoring  of  tliese 
bents. 

On  Saturday,  January  14,  a  series  of  test  trains  witli  progressively  increasing 
loads  and  speeds  were  mo\'ed  over  tlie  shored  structure.  Duruig  this  operation  tlie 
stresses  and  settlements  of  tlie  falsework  columns  were  monitored.  The  results  of 
tlic  test  run  were  found  to  be  satisfactory 
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Mayor  Michael  A.  Bilandic  and  other  city  officials  t(H)k  part  in  a  test  run  on 
Sunday,  January  15,  and  the  span  was  pronounced  safe.  Regular  comnniter  service 
resumed  the  following  Monday,   the   16th. 

.\fter  the  opening  of  the  structure  to  ser\icc,  settlements  of  the  towers  were 
monitored  by  taking  periodic  optical  and  stress  readings.  Because  the  ground  was 
frozen  at  the  time  of  erection,  settlement  was  expected  to  take  place  when  die 
ambient  temperature  would  rise  and  the  ground  would  tliaw.  As  anticipated,  these 
settlements  did  occur.  Over  a  period  of  several  months,  whenever  these  settlements 
were  detected,  the  jacking  systems  were  reactivated  and  additional  shims  were 
inserted  under  the  jacking  beam  in  order  to  maintain  half  of  the  structure's  dead 
load  on  the  falsework  towers. 

Technical    Committee 

Following  the  resumption  of  train  operations  a  "technical  committee"  was 
formed  with  Commissioner  Marshall  Suloway  as  chairman.  The  purpose  of  the 
technical  committee  was  to  detennine  the  cause  of  the  fractures  and  to  provide 
recommendations  for  the  repair  and  other  corrective  action.  The  committee's  report 
has  now  been  issued.  It  contains  the  following  findings: 

Exiuiiination  of  the  fractures  that  occuned  in  three  piers  at  18th  and  Clark 
supporting  the  Dan  Ryan  Rapid  Transit  has  shown  that  they  developed  from  fatigue 
cracks.  The  fatigue  cracks  originated  at  the  welded  junctions  of  the  edges  of  steel 
beams  which  pierced  the  sides  of  the  piers. 

An  analysis  and  testing  have  confinued  that  die  combination  of  stress  concen- 
tration at  the  point  of  origin,  fatigue,  cracking,  and  cold  temperatures  was  sufficient 
to  cause  the  fractures. 

The  susceptibility  of  this  particular  type  of  junction  to  fatigue  crack  growdi 
and  fracture  was  not  anticipated  from  information  available  in  the  1960's  when  the 
system  was  constRicted.  Other  bridge  structures  in  the  U.  S.  are  known  to  have 
similar  details. 

The  chemical  analysis  and  tlie  test  for  physical  properties  indicate  tiiat  the 
thre«  fractured  bents  were  fabricated  from  steel  that  conformed  to  the  requirements 
of  steel  specified.  Charpy  V-notch  impact  tests  on  each  steel  plate  indicated  that 
all  of  the  materials  exceed  the  minimum  standards  for  impact  tests  that  were  adopted 
in  1974  by  AASHTO. 

A  fractographic  examination  of  the  fracture  surfaces  has  shown  diat  these 
fractures  all  originated  from  fatigue  cracks.  These  cracks  all  developed  at  the  edges 
of  the  bottom  flanges  of  Uie  stringers  where  they  intersect  the  steel  bo.\  bents. 

During  fabrication  slots  for  the  stringer  flanges  were  flame  cut  into  the  box 
girder  webs.  The  stringer  bottom  flange  was  then  inserted  through  these  slots  and 
connected  to  the  web  by  welds.  This  connection  resulted  in  a  weld  around  the  slot 
and  left  an  interior  portion  of  Hange  edge  to  the  web  plate  junction  unwelded.  The 
high  stress  concentration  that  existed  at  the  weld  adjacent  to  tiie  flange  edge  re- 
sulted in  a  joint  that  was  very  susceptible  to  fatigue  crack  propagation  at  very  low 
levels  of  stress  range. 

The  fatigue  cracks  at  the  stringer  flange  edge  may  have  reached  a  critical 
condition  at  the  low  temperatures  diat  were  experienced  in  Chicago  in  late  December, 
1977,  and  early  January,  1978.  All  of  the  conditions  necessary  for  fracture  of  the 
box  bent  existed  at  that  time:    (1)   a  crack  as  a  result  of  fatigue  in  the  weld  and 
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the  presence  of  an  unfused  region  in  the  box  web,  (2)  a  reduced  material  fracture 
toughness  at  the  lower  service  temperature,  and  (3)  high  tensile  stresses  at  the  crack 
tips  in  the  bent  web  primarily  from  the  weld  restraint  conditions  at  the  welded 
intersection  of  the  stringer  flange  and  bent  web.  These  three  conditions  occurring 
simultaneously  ha\'e  caused  the  fractures  which  were  found  in  early  Januar>-  of  1978. 

Recommendations  for   Permanent   Repairs 

Inspections  revealed  that  fatigue  cracks  were  also  present  in  bents  N'os.  21  and 
22  at  the  welded  junction  of  the  plates  which  pierce  the  slides  of  the  box  shapes. 
In  order  to  minimize  the  severe  stress  concentrations  at  these  welded  junctions, 
greater  flexibility  of  the  joints  must  be  provided.  It  was  therefore  necessar>'  to  retro- 
lit  bents  Nos.  21,  22,  24,  25  and  26  by  installing  holes  and  saw  cuts,  aligned  as 
shown  on  this  slide. 

It  will  be  necessary  tliat  the  fractured  bents  Nos.  24,  25  and  26  be  repaired  in  a 
manner  that  will  restore  their  capacity  to  carry  the  design  dead  and  live  loads  with- 
out the  aid  of  temporary  shoring.  The  repaired  bents  shall  have  sufficient  under- 
clearance  and  have  an  aesthetically  acceptable  appearance.  Sexeral  alternative  repair 
procedures  have  been  considered.  The  depth  of  the  cracked  horizontal  box  member 
of  each  bent  will  be  increased  by  addition  of  a  "U"  shaped  section  at  the  underside 
of  the  existing  box. 

The  increased  depth  of  the  box  member  will  result  in  a  decrease  of  tension 
stresses  in  the  box  in  the  region  where  stringers  pierce  the  webs. 

All  existing  cracks  will  be  repaired  with  bolted  splice  plates. 

Prior  to  the  installation  of  the  "H"  section  and  the  splice  plates  each  bent 
will  be  restored  as  fully  as  possible  by  means  of  jacking  to  the  same  tlieoretical  hori- 
zontal  and   vertical  position   assumed  imder  full  dead  load  before  the  bent  failed. 

In  conclusion  let  me  read  two  of  the  paragraphs  from  the  summar>-  of  the 
committee's  final  report: 

"The  laboratory  testing  confirmed  that  tlie  combination  of  stress  concentration 
at  the  point  of  origin,  fatigue  cracking,  and  cold  temperatures  was  sufficient  to  cause 
the  fractures.  However,  the  steel  was  found  to  meet  current  toughness  requirements 
recommended  by  the  American  Association  of  State  Highway  and  Transportation 
Officials  for  steels  used  in  bridges. 

"It  is  concluded  that  the  extremely  severe  stress  concentration  at  the  junction 
of  the  girder  flange  and  side  plate  of  the  bents  is  the  primar>'  cause  of  the  brittle 
fractures  which  occurred  in  the  Dan  Ryan  Rapid  Transit  structure.  " 


Figure  1. 


398 


Bulletin  673 — American  Railway  Engineering  Association 


Figure  2. 
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Disaster  at  La  Grange 
by  G.   F.   Dolquist* 

The  Burlington  Northern's  main  Hne  passes  through  a  series  of  pleasant  sub- 
urban communities  as  it  heads  west  out  of  Chicago.  One  of  tliese  cities  is  La  Grange, 
Illinois,  situated  about   13  miles  from  downtown  Chicago. 

The  three-track  main  line  bisects  the  community  and  carries  the  heaviest  traffic 
on  the  Burlington  Northern  system,  largely  because  of  the  intensive  commuter  service 
that  moves  over  18,000  people  to  Chicago,  and  back  home  again  every  working  day. 
The  freight  traffic  is  also  extremely  heavy,  as  several  lines  from  the  west  converge 
into  our  Cicero  yard.  On  weekdays,  there  are  between  100  and  120  train  movements 
through  La  Grange  every  24  hours.  There  is  seldom  a  time  when  a  train  isn't  in 
sight  on  one  of  the  three  main  tracks. 

At  about  5  o'clock  on  Saturday  afternoon  of  August  27,  1977  an  eastbound 
freight  train  derailed  while  passing  through  La  Grange,  with  about  20  cars  leaving 
the  tracks;  many  of  them  slamming  into  and  demolishing  our  bridge  No.  13.44,  a 
three  track-63  ft  tlirough  plate  girder  structure  that  crossed  over  the  four  tracks 
of  the  Indiana  Harbor  Belt  Railway,  plus  30  ft  girder  spans  over  a  city  street. 
At  the  same  instant  of  the  derailment,  die  tvesthound  Amtrak  passenger  train 
heading  for  Denver  was  nearing  the  bridge  on  the  adjacent  track.  The  Amtrak 
engine  fell  into  the  hole  and  landed  upside  down  on  top  of  the  mass  of  wrecked 
freight  cars  and  bridge  spans.  The  resulting  pile-up  was  considered  by  many  to  be 
one  of  the  worst  derailments  in  memory.  Fortunately,  there  were  no  deaths  caused 
by  the  derailment  although  there  were  a  number  of  injuries  to  tlie  Amtrak  engine 
crew  and  passengers. 

It  was  also  fortunate  that  there  were  no  trains  moving  on  the  busy  IHB  tracks 
at  the  moment  of  the  disaster. 

As  in  all  such  emergencies,  key  division,  region  and  system  officers  went  im- 
mediately to  the  scene  to  assess  the  damage  and  develop  a  course  of  action  to  restore 
traffic  on  botli  rail  lines  in  the  least  possible  time.  Hulcher  Emergency  Service  was 
on  the  scene  within  hours  to  assist  BN  forces  in  clearing  the  wreckage.  The  actual 
track  damage  turned  out  to  be  nominal  and  was  readily  restored  by  BN  track  forces. 

The  big  problem,  of  course,  was  loss  of  the  three  track  through  plate  girder 
span  over  the  IHB  tracks,  and  what  could  be  done  to  get  at  least  two  tracks  back 
in  service  in  the  next  couple  of  days.  The  thought  of  18,000  angry  conunuters  and 
the  news  media  hounding  the  railroad  on  Monday  morning  was  enough  to  create 
instant  nightmares  in  the  mind  of  almost  any  railroad  officer. 

When  we  lose  a  bridge  over  a  stream,  it  is  generally  possible  to  come  in 
quickly  and  drive  a  series  of  pile  bents  on  14  or  15  ft  centers,  drop  in  some  timber 
stringers  or  short  steel  spans  from  the  emergency  stockpile  and  be  back  in  bu.siness. 
Not  so  here,  as  the  IHB  made  it  clear  that  it  was  absolutely  essential  that  they  ha\'e 
their  tracks  a\'ailable  for  use  at  the  earliest  possible  time — which  was  when  the 
derailed  cars  were  picked  up.  Further,  they  could  permit  no  reduction  in  clearance 
over  their  tracks,  even  temporarily. 


"  Director,  Bridge  Engineering,  Burlington  Northern,  Inc. 
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The  demolished  63  ft  span  was  composed  of  four  through  plate  girders  at  14  ft 
centers  with  each  of  the  interior  girders  carrying  load  from  two  tracks,  and  was 
on  a  slight  skew.  Two  of  the  three  30  ft  beam  spans  over  the  adjacent  city  street 
were  repairable,  and  could  be  reused.  We  located  a  75  ft  through-plate  girder  span 
in  our  surplus  span  stockpile  at  Havelock,  Nebraska.  Although  it  would  take  at  least 
3  days  to  load  and  move  to  La  Grange,  and  another  3-^  days  to  modify  and  erect, 
orders  were  given  on  Sunday  to  load  the  span  immediately  as  a  standby  measure  in 
case  our  efforts  at  locating  other  suitable  replacement  spans  failed. 

We  did  have  a  series  of  69  ft-long  4  track  through  plate  girder  spans  about  8 
miles  towards  Chicago,  but  these  spans  were  part  of  the  same  busy  line  and  had 
only  13  ft  track  centers.  It  didn't  seem  at  the  time  like  too  good  a  solution  to  rob 
parts  of  these  bridges  to  help  out  at  La  Grange. 

We  considered  using  several  branch  line  bridges  in  the  Chicago  area,  but 
found  them  unsuitable  for  various  reasons.  We  canvassed  several  of  the  other  rail- 
roads in  Chicago  to  see  if  we  could  beg  or  borrow  or  buy  something  from  them. 
Although  the  other  lines  were  sympathetic  and  cooperative,  they  had  no  usable 
spans  available  for  the  length  and  clearances  we  required.  The  CTA — Chicago 
Transit  Authority — offered  a  couple  of  spans  they  said  could  be  made  surplus,  but 
the  types  just  weren't  feasible  for  a  temporary  replacement  here. 

The  longer  we  looked  that  Sunday  afternoon,  the  better  the  idea  of  using  our 
own  girders  down  the  line  a  few  miles  seemed.  We  took  another  look  at  the  spans 
over  Hamline  and  Ridgeway  Avenues  and  decided  we  could  take  one  span  from 
track  #1  at  each  location  and  mate  them  together  for  use  at  La  Grange.  We  could 
cut  out  part  of  the  floor  system  and  let  the  excess  girder  length  overhang  the  pier. 
The  operating  department  agreed  that  they  could  live  with  only  two  or  three  tracks 
in  service  here  for  a  short  time,  and  the  decision  to  use  these  spans  at  La  Grange 
became  firm. 

Witliin  the  hour,  we  engaged  t^vo  contractors,  the  F.  K.  Ketler  Co.,  to  work 
at  Hamline  Avenue,  and  the  V.  N.  Deprizio  Constniction  Company  to  start  dis- 
mantling at  Ridgeway  Avenue.  Ketler  had  a  crew  at  the  site  and  working  by  7  o'clock 
Sunday  evening. 

While  Mr.  Ted  Schuster,  our  assistant  vice  president  urban  serxices  and  his 
boss  were  trying  to  come  up  with  a  scheme  to  handle  or  at  least  appease  the  com- 
muter customers  on  Monday  morning,  the  Chicago  Regional  Transportation  Audiorit>- 
came  to  the  rescue  by  offering  to  shuttle  the  commuters  around  La  Grange  by  bus, 
and  to  carry  them  to  our  cars  at  Brookfield  Station,  about  a  mile  away.  They 
ad\ised  that  they  had  35  buses  a\ailable  and  would  be  read\-  to  start  the  shuttle 
with  the  first  scheduled  run  about  5  A.M.  on  Monday. 

Through  tlie  combined  efforts  of  BN,  RTA  and  all  of  the  media,  the  word  got 
around,  and  the  temporary  shuttle  ser\'ice  worked  surprisingK-  well — some  delay, 
of  course,  but  this  was  taken  in  stride  by  the  commuters. 

In  addition,  the  Chicago  and  NorUi  Western,  which  has  a  parallel  line  into 
Chicago  a  few  miles  north  of  La  Grange,  offered  to  honor  BX  commuter  tickets  on 
their  line  for  three  days.  This  also  helped  to  relie\e  the  congestion  on  die  KTA 
shuttle  service. 

Now  back  to  die  bridgewoik. 
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After  checking  clearances  betA\'een  the  two  points,  we  decided  to  move  the 
spans  from  Hamhne  and  Ridgeway  to  La  Grange  without  dismantUng  the  girders 
from  the  floor  system.  This  meant  loading  the  assembled  span,  which  weighed  about 
80  tons,  on  a  flat  car  high  enough  to  clear  tlie  tlirough  girder  spans  we  would  have 
to  cross  on  the  trip  to  La  Grange.  The  loaded  span,  with  13  ft  girder  centers  would 
be  close  to  15  ft  wide,  out  to  out  of  girder  flanges. 

The  69  ft  through  spans  at  Hamline  and  Ridgeway  were  identical  in  construction, 
consisting  of  a  floor  system  of  floor  beams,  or  transverse  stringers  at  12  in.  centers, 
with  a  /s  in.  steel  deck  plate.  Steel  rail  troughs  were  attached  to  the  deck  plate  to 
carry   the  track,   providing  an  exceptionally  shallow  floor  system. 

The  work  required  to  free  these  girders  for  removal  consisted  of  disconnecting 
about  60 — 3  bolt  connections  that  fastened  the  floor  beains  to  the  girder  web,  tlien 
spreading  the  girders  apart  about  8  in.  to  disengage  the  floor  beam  webs  from  the 
connection  angles.  Portions  of  the  steel  floor  plates  were  cut  out  to  make  the  con- 
nections accessible. 

At  Hamline  Avenue,  where  two  girders,  with  the  attached  floor  system  were 
removed  as  a  unit,  a  support  beam  had  to  be  placed  on  track  2  across  to  both 
abutments  to  support  the  free  end  of  track  2  floor  beams  until  time  was  available 
the  following  week  to  construct  temporary  blocking  from  below. 

The  Hamline  span  was  disconnected  and  ready  for  loading  by  Monday  evening. 
Picking  the  span  from  track  one  with  tvvo  rail  mounted  cranes  and  spotting  on 
blocking  on  a  flat  car  located  on  track  3  was  a  veiy  tense  operation,  as  it  involved 
total  coordination  between  two  crane  operators  that  had  never  worked  together  in 
their  hoisting,  booming  and  swinging  operations.  The  span  was  finally  loaded  and 
tied  down,  ready  for  the  8-miIe  trip  to  La  Grange  by  11  PM.  The  road  switcher 
pushed  the  load  to  La  Grange  in  about  5  hours,  without  incident.  But  clearing 
obstructions  by  less  than  4  in.  in  the  dead  of  night  witii  a  minimum  of  illumination 
was  a  rather  stimulating  assignment  for  our  B&B  supervisor  and  the  trainmen  tliat 
rode  along  with  the  load. 

While  tile  contractors  were  working  with  the  Hamline  and  Ridgeway  spans  on 
Monday,  BN  B&B  crews  were  busy  at  La  Grange  cleaning  up  tiie  abutment  and 
pier  tops,  and  building  timber  blocking  to  support  the  temporary  spans  at  tiie  correct 
elevation  when  they  were  placed. 

The  Hamline  Avenue  span  was  ready  to  be  placed  in  track  2  at  La  Grange 
early  Tuesday  morning,  using  our  80  ton  rail  mounted  crane  and  a  large  rental 
crane  that  had  been  set  up  on  the  IHB  tracks. 

Unfortunately,  the  rental  crane  couldn't  pick  and  swing  the  load  that  we  had 
been  advised  it  could  handle,  and  we  hit  the  first  major  snag  in  our  timetable  to 
replace  the  bridge. 

Another  crane  rental  firm  was  inunediately  contacted  and  they  were  able  to 
come  up  with  an  adequately  sized  rubber  tired  crane,  to  assist,  but  it  required 
about  8  hours  to  get  it  to  the  job  and  blocked  upon  top  of  the  IHB  tracks.  The 
span  for  track  2  was  finally  dropped  into  place  about  11  PM  Tuesday  night,  and 
this  track  was  made  ready  for  service  in  a  few  hours. 

However,  to  open  this  one  track  for  traffic  on  Wednesday  morning  would  have 
clogged  the  area  with  many  trains,  and  our  efforts  to  get  the  second  span  up  from 
Ridgeway  Avenue  would  be  severely  hampered,  so  decision  was  made  to  keep  the 
track  closed  until  the  second  span  was  in  place. 
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Loading  of  the  Ridgeway  span  was  complete  early  Wednesday  afternoon,  and 
with  the  experience  gained  in  moving  the  first  span,  it  was  moved  up  to  La  Grange 
in  only  two  hours. 

One  small  complication  remained — we  had  to  rotate  this  partial  span — one 
girder  plus  the  attached  floor  system — 180°  to  be  able  to  place  it  on  track  3  and  tie 
it  into  the  adjacent  girder  carrying  track  2.  To  rotate  something  as  long  and  clumsy 
as  this  70  ft  partial  through  girder  span  with  two  rail  cranes  was  a  challenge  that 
for  a  few  moments,  had  everyone  frustrated.  However,  the  required  steps  were 
eventually  worked  out  and  the  rotation  was  completed.  Placement  of  the  second 
span  turned  out  to  be  routine,  as  we  could  railroad  across  on  the  track  already  in 
place,  then  merely  reverse  the  procedure  developed  when  loading  this  span  at 
Ridgeway. 

One  of  our  biggest  concerns  throughout  the  planning  of  this  scheme  was  whether 
or  not  the  60  floor  beams  with  the  attached  steel  floor  plate,  from  the  Ridgeway 
span  would  line  up  with  the  connection  angles  on  the  girder  of  the  Hamline  span. 
To  the  relief  of  all  and  the  surprise  of  many,  everyone  of  the  60  connections  lined 
up — a  real  tribute  to  the  precision  of  these  steel  fabricators  of  80  >ears  ago. 

Up  to  this  time,  the  weather  had  been  perfect  for  our  24  hour  a  day  project, 
but  at  about  11  PM,  shortly  after  the  two  spans  were  fitted  together,  but  not  bolted, 
a  \iolent  thunderstorm  hit  and  continued  intemiittently  all  night,  for  a  total  of 
over  3  in.  of  rain  by  morning.  In  spite  of  this  adversity,  most  of  die  iron  workers 
stayed   on   the  job,   and   the  connections   were  completed   by  midmorning. 

The  first  train  crossed  over  track  2  at  1:15  AM,  and  the  commuter  ser\ice  was 
restored  in  full  and  prett>'  much  on  schedule  on  Thursday  morning,  with  the  first 
commuter  train  over  at  5:58  AM. 

While  we  were  back  in  ser\ice,  we  knew  we  would  be  severly  restricted  opera- 
tion-wise until  we  got  all  3  tracks  in  service  at  La  Grange  and  restored  the  4  track 
service  at  Hamline  and  Ridgeway. 

On  the  Monday  morning  after  the  wreck,  we  met  with  .\merican  Bridge  Gom- 
pany  people  at  the  bridge  site  to  discuss  permanent  replacement.  An  agreement  was 
reached  for  American  Bridge  to  design,  fabricate  and  erect  a  new  3  track  structure 
and  to  have  the  work  complete  by  November  30,  1977,  which  was  only  94  calendar 
days  away.  The  new  bridge  would  have  14'  9"  track  centers  to  impro\e  the  re- 
stricted horizontal  clearance.  Also,  the  top  flanges  of  the  through  girders  would  be 
lowered   about   one   ft  to  provide   additional  clearance   impro\ement. 

The  American  Bridge  people  accepted  the  challenge  and,  by  working  closely 
with  our  staff  in  obtaining  design  criteria  and  review  of  plans,  and  with  our  Ghicago 
offices  in  resolving  all  of  the  many  varied  problems  related  to  erection,  completed 
the  .span  erection  on  November  21,  10  days  ahead  of  schedule. 

Planning  the  changeout  of  the  new  spans  became  a  very  complicated  under- 
taking as  the  operating  department  said  that  they  could  gi\e  up  the  tracks  only 
from  11:30  PM  to  6:30  AM — on  Saturday  and  Sunday  nights.  This  meant  that  the 
new  spans  would  have  to  be  assembled  complete  and  be  a\ailable  to  drop  in  place 
as  soon  as  the  old  spans  were  remoxed.  We  would  have  to  replace  spans  for  at  least 
2  tracks  during  the  first  train-free  period.  After  reviewing  and  arguing  o\er  se\eral 
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alternate  procedures  with  American  Bridge  to  accomplish  the  work  in  the  allotted 
time,  we  agreed  to  the  use  of  a  very  large  200  ton  capacity  ringer  crane  with  a  200 
ft  boom  positioned  in  the  clear  of  both  BN  and  IHB  tracks.  This  crane  would  have 
tlie  capacity  to  lift  out  the  two-span  through  plate  girder  structure  (which  weighed 
about  120  tons)  in  one  piece,  thus  saving  the  time  otherwise  required  to  unbolt  all 
those  floor  beam  connections. 

At  a  meeting  w  ith  the  contractor  on  October  7,  the  date  of  Saturday,  November 
19  was  set  as  the  time  for  the  span  changeout.  Several  meetings  were  held  with  our 
operating  people  and  American  Bridge  to  de\'elop  a  minute  by  minute  schedule  to 
cover  every  phase  of  the  changeout.  Proper  coordination  of  all  phases  of  the  work 
was  a  must  if  were  to  get  the  work  completed  in  the  very  tight  time  frame  allowed. 

By  quitting  time  on  November  18,  the  day  before  the  scheduled  changeout,  all 
wiis  in  readiness — the  big  ringer  crane  was  fully  rigged,  the  B&B  crews  had  com- 
pleted their  work  on  the  abutment  bridge  seats  and  wingwalls;  the  track  crews  had 
shifted  the  tracks  out  to  the  increased  track  centers  and  raised  the  approaches  as 
required.  The  new  spans  for  tracks  1  and  3  were  complete,  with  deck  and  track  in 
place  on  the  ground  waiting  to  be  placed — and  the  weather  was  ideal — calm,  clear 
and  in  the  low  50's. 

As  you  might  have  guessed,  our  good  luck  with  the  weather  didn't  last.  By 
Saturday  afternoon  on  the  19th,  it  had  tinned  cold,  with  a  blustery  rain.  But  to  delay 
the  changeout  would  mean  the  loss  of  a  whole  week — and  maybe  even  worse 
weather.    The   decision   was   made   to   go   ahead   with   the   changeout   as   scheduled. 

11:30  PM  came  and  the  last  scheduled  train  had  crossed  the-  bridge — the  tracks 
were  disconnected,  tlie  big  ringer  crane  swung  overhead  witli  a  specialK-  designed 
spreader  beam  to  tie  into  the  three  girders  and  lifted  the  spans  out  with  incredible 
ease.  Blocking  was  removed,  new  permanent  grillage  and  bearings  were  placed  on 
the  pier  tops  and  span  for  track  one  was  dropped  in  place.  While  track  and  B&B 
crews  worked  adjusting  the  span  and  tying  up  the  rail  on  track  one,  the  contractor 
was  placing  several  floor  beams  for  the  span  for  track  2  to  act  as  spacers  for  pre- 
cisely locating  the  position  for  the  span  for  track  3.  As  soon  as  the  span  for  track 
3  was  in  place,  work  started  on  placing  the  balance  of  the  floor  system  for  the 
center  track. 

By  6:30  AM,  track  1  was  ready  for  traffic,  and  by  8:30  track  3  was  complete. 

The  floor  system  for  track  2  was  completed  on  Sunday  night  and  the  restoration 
of  bridge  13.44  was  complete.  Restoration  of  the  bridges  at  Hamline  and  Ridgeway 
was  completed  by  B&B  crews  at  a  less  hectic  pace  in  the  following  two  weeks. 

While  we  regret  that  such  disasters  occur,  it  is  most  gratifying  to  see  how  the 
many  varied  branches  of  the  railroad  and  outside  industry  can  work  together  to 
accomplish  a  very  complex  and  difficult  assignment,  and  even  once  in  a  while,  as 
happened  this  time — complete   the  project  ahead  of  schedule. 


Landslide  Stabilization  for  Trestle  Replacement 
by  G.  F.  Buck\  P.  K.  Chatterji'  and  M.  S.  Wakely" 

Introduction 

The  stabilization  of  a  riverbank  adjacent  to  a  mountain  slope  to  allow  construc- 
tion of  a  railway  embankment  is  described.  The  embankment  at  Mile  650  on  the 
main  line  of  the  British  Columbia  Railway  was  required  to  replace  a  temporary- 
untreated  timber  trestle. 

The  ground  instability  was  due  primarily  to  artesian  groundwater  pressures. 
However,  there  were  several  other  factors  contributing  to  instability  and  artesian 
pressure  was  not  initially  recognized  as  a  significant  factor  at  this  site.  Identification 
of  the  presence  and  magnitude  of  these  artesian  pressures  led  to  an  extension  of  the 
bemiing  and  a  river  diversion.  These  stabilization  works  allowed  for  the  successful 
completion  of  the  railway  embankment. 

Artesian  groundw^ater  conditions  are  frequently  encountered  in  river  valleys 
and  mountainous  regions,  and  these  pressures  can  be  of  particular  concern  to  the 
railway  engineer  since  gradient  restrictions  often  dictate  that  the  railway  traverse 
terrain  made  unstable  by  artesion  pressure.  The  geologic  fomiations  tliat  led  to 
artesian  conditions  at  this  site  and  the  identification  of  tlie  condition  are  described. 
Alternative  methods  of  stabilizing  ground  affected  by  artesian  pressiues  are  discussed 
with  reference  to  cases  where  these  methods  have  been  used  successfully.  The 
reasons  for  selecting  the  stabilization  method  used  at  this  site  are  given. 

Site    Location    and    History 

The  British  Columbia  Railway  ser\  es  the  full  length  of  the  Province  with  a  main 
Hne  that  extends  from  Vancouver  to  Fort  Nelson  beyond  the  Rocky  Moimtains  as 
shown  on  Figure  1.  The  railway  traverses  the  Rockies  via  the  Pine  Pass  and  is  the 
most  northerly  crossing  of  the  Rocky  Mountains  by  a  rail  line.  The  Pine  Ri\  er  drains 
the  east  slope  of  the  Rockies  with  a  total  drainage  area  of  approximately  750  square 
miles  to  Mile  650  of  the  B.C.R.,  the  site  described  by  this  paper.  The  railway  grade 
at  Mile  650  is  located  on  the  north  bank  of  tlie  Pine  River  at  tlie  base  of  a  slope 
that  is  traversed  by  tlie  Hart  Highway  and  a  major  gas  transmission  pipeline. 

During  the  initial  railway  construction  in  1957,  an  earth  fill  about  30  ft  high 
was  proposed  to  cross  a  shallow  alco\e  on  the  alignment.  Howe\er,  tlie  fill  was 
badly  cracked  by  lateral  ground  movements  during  the  initial  stages  of  filling.  The 
fill  in  the  unstable  area  was  removed  and  a  65  bent  timber  trestle,  900  ft  long,  was 
driven.  The  railway  extension  was  being  built  as  a  pioneer  line  with  limited  initial 
construction  funding.  In  keeping  with  this  philosophy  tlie  6  pile  bents  were  driven 
with  untreated  timber  to  be  replaced  with  permanent  construction  later.  Some 
lateral  movement  of  the  trestle  occurred  during  or  immediateK-  following  its  con- 
struction but  this  did  not  affect  the  use  of  the  trestle. 

In  1965  the  highway  adjacent  to  the  trestle  was  rebuilt  to  a  higher  standard. 
Despite  careful  design  and  construction,  a  small  but  measurable  movement  of  the 
trestle  occurred  due  to  the  unstable  nature  of  the  area. 


1  Thurber  Consultants  Ltd.,  Geotechnical  Engineers,  Victoria,  B.C. 

=  ReKional    Entrineer,    Special    Projects,   C.    P.   Kail,   V.incouver,   B.C.    (formerly  Chief  Eni;ineer 
British   Columbia  Railway,   Vancouver,   B.C. ) 
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Following  a  bridge  inspection  in  1971,  it  was  decided  that  the  temporary  tresde 
should  be  scheduled  for  replacement.  Accordingly,  the  site  was  investigated  by 
survey  and  borings.  It  was  concluded  that  while  the  area  was  still  marginally  stable, 
it  would  be  feasible  to  replace  the  trestle  with  a  fill  provided  extensi\e  earth 
bemis  and  drainage  works  were  constructed  and  that  the  rate  of  fill  placement  was 
controlled.  Constniction  based  on  this  plan  was  initiated  in  1971  and  the  bemi 
and  the  initial  stage  of  the  railway  embankment  were  construc-ted  when  work  was 
stopped  for  the  winter.  In  the  spring  of  1972,  following  high  groundwater  levels 
and  a  record  flood  in  the  Pine  River,  cracks  were  noted  in  the  berm  surface  and 
major  landsliding  of  the  river  bank  was  noted  downstream  of  the  berm. 

The  cause  of  these  movements  in  1972  was  investigated  in  1973  principally 
by  deeper  drilling.  The  identification  of  artesian  water  pressures  encountered  by 
the  deeper  drilling  led  to  a  redesign  which  included  an  enlarged  berm  and  ri\er 
diversion  as  shown  in  Figure  2.  This  construction  was  done  in  1973  and  the  railway 
fill  completed  for  train  operation  on  August  23,  1974. 

Geology 

The  Rocky  Mountains  in  the  Pine  Pass  area  were  overtopped  by  the  continental 
ice  sheet  during  tlie  last  glaciation  resulting  in  rounded  mountains  of  relatively  low 
rehef.  The  valley  slope  at  the  site  is  of  gently  dipping  sedimentary-  bedrock  mantled 
by  thin  deposits  of  glacial  till  and  collu\ium  from  recent  weathering  as  illustrated 
by  the  vertical  and  oblique  air  photographs.  Figures  3  and  4  respectively.  Per\ious 
deposits  of  granular  till  and  coUuvium  washed  off  the  adjacent  slopes  is  covered  b> 
a  deposit  of  relatively  imper\ious  soft  grey  clay  in  the  ri\er  bottom,  as  shown  by 
the  schematic  cross-section  in  Figure  5.  This  clay  was  deposited  in  a  lake  during 
deglaciation.  Drainage  of  the  lake  by  natural  erosion  allowed  a  fall  in  the  ground- 
water table  w  ith  the  result  that  the  upper  clay  was  weathered  to  a  brown  cla>-  of 
stiffer  consistenecy.  The  deposition  of  colluvium  at  the  base  of  the  mountain  slope 
continued  following  the  glacial  hike  phase  leaving  per\ious  water-bearing  soils  that 
extend  out  over  the  clay  deposit. 

At  the  site,  tlie  Pine  Ri\er  is  in  a  reach  of  shallow  gradient  and  has  meandered 
extensively  on  a  broad  floodplain  depositing  alluvial  silts  and  sands  on  the  surface 
of  the  clay.  The  site  was  at  tlie  outside  of  an  angular  bend  in  the  ri\er  where 
erosion  tended  to  displace  the  ri\er  channel  laterally  towards  the  railway  and  in  a 
downstream  direction. 

Site    Investigation 

The  nature  of  the  movement  in  1972  that  was  described  pre\  iously  indicated 
possible  artesian  pressures  and  accordingly,  holes  were  drilled  witli  a  rotar>-  drill 
rig  which  penetiated  tlirough  the  clay  deposit  and  into  the  underhing  silts  and  silt\- 
sands  and  gra\els.  Standpipe  piezometers  installed  in  the  per\ious  soils  below  the 
clay  recorded  artesian  water  pressures  to  30  ft  abo\e  the  ground  surface.  Slope 
indicators  were  also  installed  to  measure  tlie  depth  at  which  sliding  was  occurring. 

Laboratory  tests  on  samples  of  the  grey  clay  showed  a  reduction  in  strength 
with  increasing  depth  towards  the  underlying  per\ious  soils  indicating  long-term 
artesian  pressures.  NonnalK',  tiie  shear  strengtli  of  a  clay  will  increase  with  deptli 
due  to  increased  confining  pressure.  However,  in  the  presence  of  underK ing  artesian 
pressure,  the  net  intergranular  pressure  that  is  efiFective  in  producing  die  soil  shear 
strength  was  actually  reduced  with  a  resulting  lower  shear  strength  near  tlie  contact. 
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Figure   3 

Vertical   air  photo  at  the  Mi   650  site  with  the 
mountain  slope  to  the  north  and  Pine  flood  plain 
to  the  south. 

Note  the  banding  on   the  mountain  slope  due  to 
thinly  mantled  sedimentary  bedrock    aid  the 
pond  on   the  mountain  bench. 


Meandering  of  the  Pine   River  has  eroded  the 
lakebed  clay  surface  leaving  alluvial    silts 
and  sands  on  the  broad  flood  plain.     Note 
the  sharp  bend  in  the  river  at  the  site. 
The  river  flowing  from  left  to  right  was 
actively  eroding  laterally  to  the  north  and 
downstream. 
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Figure  4 

A  view  looking  north  east  at  the  site   taken  in  June  1974  showing  the 
completed  diversion  and  berm  but  prior  to  completion  of  the   railway 
embankment. 
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Tube  samples  of  grey  clay  showing  distorted  bedding  were  recovered  from  the 
drill  holes  in  zones  where  previously  installed  instrumentation  showed  that  straining 
of  the  soil  had  taken  place.  The  clay  was  found  to  be  soft  ( undrained  strength  rang- 
ing from  300  to  500  psf),  and  moderately  sensitive  (the  soil  loses  strength  on 
disturbance).  Triaxial  tests  conducted  on  the  clay  soil  indicated  a  cohesion  intercept 
of  300  psf  and  an  effective  friction  angle  (0')  of  17.5°.  Also,  sensitive  pneumatic 
piezometers  embedded  near  the  bottom  of  this  clay  zone  recorded  4  to  5  psi  in- 
creases in  pore  water  pressure  during  passage  of  a  train  over  the  trestle  indicating 
that  the  soil  structure  had  been  disturbed  by  past  landsliding. 

A  contour  map  of  the  site  was  prepared  using  existing  vertical  air  photographs 
with  the  addition  of  detail  in  the  vicinity  of  the  trestle  by  plane  table  mapping. 
River  soundings  were  taken  in  the  reach  adjacent  to  the  slide  and  river  flow  records 
obtained  for  the  East  Pine  gauging  station  some  35  miles  downstream  from  the  site. 

Design    Options    for   Artesian    Pressure    Conditions 

The  identification  of  artesian  pressures  at  this  site  and  the  effect  of  these 
pressures  on  soil  strength  has  been  described.  Groundwater  in  the  sedimentary  rocks 
and  slope  runoff  which  percolates  down  through  the  pervious  slope  co\er  charged 
the  pervious  soil  underlying  the  clay  deposits,  as  shown  in  Figure  5.  Stabilization  of 
the  slope  required  that  either  the  artesian  pressures  be  reduced  and  controlled  or 
that  the  effects  of  the  artesian  pressure  be  countered  by  changing  the  geometr>-  of 
the  slope,  or  botli. 

Considerable  increase  in  stability  could  be  obtained  by  reducing  artesian  pres- 
sures found  in  the  underlying  per\aous  soils.  Unfortunately,  the  underlying  fine  sands 
and  silts  are  not  readily  suited  to  the  installation  of  pressure  relief  wells.  Pressure 
relief  wells  must  function  continuously  in  the  future  if  the  stability  of  tlie  railroad 
grade  is  to  be  assured.  In  order  to  make  a  permanent  installation  in  tlie-se  fine 
grained  materials,  it  would  be  necessary  to  develop  a  fairly  complex  well  using  a 
well  screen  with  a  graded  filter  packing.  The  cost  of  each  drain  would  therefore  be 
considerable  and  in  addition  observations  woidd  have  to  be  made  over  a  period  of 
time  to  confirm  that  the  artesian  pore  pressures  had  indeed  been  dissipated  and  the 
overlying  clay  reconsolidated  to  a  greater  strength  before  grade  construction  was 
started.  Because  of  the  demands  of  drain  installation  and  the  delay  that  would  be 
required  in  grade  construction,  it  was  considered  preferable  to  stabilize  the  grade 
by  berming  into  the  river. 

It  shoidd  be  noted  that  stabilization  by  control  of  artesian  pressures  has  been 
successful  at  other  sites.  A  few  methods  illustrated  by  reference  to  sites  fcuniliar 
to  the  authors  are  given  as  a  guide  to  the  reader  in  assessing  alternative  means  of 
stabilization. 

Flowing    Relief   Wells 

Since  the  water  rose  to  above  the  ground  surface  in  standpipe,  a  vertical  well 
drilled  into  the  imderlying  aquifer  would  flow  widiout  pumping  and  with  a  sufficient 
number  of  wells  the  artesian  head  of  the  per\ious  aquifer  could  be  reduced  down 
to  near  the  ground  surface.  Such  wells  were  used  to  successfulh  stop  mo\ement  tliat 
was  affecting  the  grade  at  Mile  54.3  on  the  Tete  Jaune  Subdi\  ision  of  tlie  CanadiiUi 
National  Railway.  The  site  in  the  north  valley  of  the  Eraser  River  in  British  Columbia 
had   artesian  water  pressure  in  clean   sands   underlying  glacial   lake  silts  and  clays. 
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Pumped    Relief    Wells 

Where  the  reduction  in  artesian  pressure  head  to  the  le\el  of  die  ground  surfac-*- 
would  not  be  sufficient  to  pro\ide  die  required  stabihty,  stabiht>'  can  Ix'  further 
increased  by  pumping  to  draw  down  the  well  pressure.  Near  Victoria,  B.C.,  exca- 
\ation  in  marine  clay  resulted  in  a  slope  failure  that  was  acti\'ated  by  high  artesian 
pressures  in  underlying  granular  till  and  fractured  rock.  Vertical  wells  drilled  into 
the  bedrock  were  pumped  continuously  during  earthworks  at  the  site  to  unpro\e 
the  short-term  stability  against  sliding  along  the  clay-till  contact. 

Observation    of    Pore    Pressures    for   Construction    Scheduling 

A  slope  containing  artesian  pore  water  pressures  may  be  stable  under  existing 
conditions,  but  unstable  when  the  ground  pore  water  pressures  are  further  increased 
by  surface  loading  during  grade  construction.  An  adeciuate  knou  ledge  of  the  artesian 
pressures  and  the  response  of  pore  pressure  to  loading  of  Uie  soil  coupled  with  ade- 
(juate  pore  pressure  monitoring  during  construction  may  allow  the  construction  to 
proceed  at  a  controlled  rate  such  that  the  pore  pressures  created  by  filling  are  not 
allowed  to  exceed  a  predetermined  value.  This  technicjue  is  being  used  for  construc- 
tion of  a  large  fill  on  the  Clanwilliam  revision  on  the  Canadian  Pacific  main  line 
near  Revelstoke,  B.C.  .\t  that  site,  mountain  talus  interbedded  in  deep  deposits  of 
silt  is  charged  with  artesian  water  from  an  adjacent  mountain  slope. 

.■\s  stated  at  Mile  650  beiming  rather  than  net  pore  pressure  control  was  selected. 

Design    of   Stabilization    Measures 

The  slide  movement  that  was  actixated  by  ri\er  erosion  during  the  record 
Hood  of  1972  was  identified  as  a  deep  seated  one  with  movement  in  the  base  of  the 
soft  clay  deposit.  The  slide  mass  with  a  total  width  of  approximately  1400  ft  was 
moving  on  a  zone  of  soft  clay  near  the  base  of  the  clay  la\er  as  shown  by  tiie 
inclinometer  reading  in  Figure  6.  The  upper  scarp  of  the  slide  was  identified  at 
several  locations   in   the  field  and  these  have  been  plotted  on  the  plan.  Figure  2. 

The  strength  dexeloped  in  the  clay  at  the  time  of  the  1972  slide  movement 
was  detemiined  by  back  analysis  of  the  slide  configuration  obtained  from  the  survey 
and  instrumentation  records.  It  was  found  that  with  consideration  of  the  measured 
artesian  pressures,  die  developed  strength  was  reasonably  close  to  diat  measured  on 
soil   tube   samples   recovered   from   the   drilling. 

Stability  analyses  indicated  that  the  existing  river  channel  must  be  filled  to 
provide  lateral  stability  to  the  slide  area  with  a  minimum  length  from  centrehne  to 
the  end  of  die  bemi  of  350  ft.  The  berm  must  also  be  of  sufficient  height  to  prevent 
push  up  into  the  river  and  as  a  result  a  berm  top  elevation  of  1904  wiis  required 
as  shown  in  Figure  7.  The  dimensions  of  the  berm  were  such  diat  it  was  necessary 
to  divert  the  river.  The  river  diversion  excavation  supplied  the  material  required 
for  berm  construction. 

On  June  13,  1972,  a  maximum  Hood  of  152,000  cfs  was  recorded  at  the  East 
Pine  gauging  station.  This  How  at  East  Pine  corresponds  to  approximately  23,000 
c-fs  at  the  diversion  site.  The  bank  full  discharge  for  the  more  stable  river  channel 
sections  in  this  reach  is  at  an  elevation  of  1895,  and  maximum  flood  elevation  is 
estimated  to  be  1905.  The  diversion  channel  was  designed  for  these  elevations  re- 
quiring a  channel  base  width  of  180  ft  and  a  channel  base  elevation  at  1883.5.  The 
left  bank  of  the  channel  was  excavated  at  1.5:1  sideslope  and  protected  from  erosion 
by    rip-rap    over    filter    gravel.    A    pilot   channel    along    the   south    perimeter   of   the 


416 


Bulletin  673 — American  Railway  Engineering  Association 


FIG.  6    nSTS    COIMDITIOIMS 


FIG.  7    FIIMAL    COIMSTRUCTIOIM 
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diversion  was  cut  to  accommodate  minimum  flows  found  during  fall  and  winter  at 
the  time  of  the  construction  with  the  provision  made  to  handle  a  small  flood  that 
might  have  developed  during  construction. 

A  cut-off^  berm  was  constructed  from  the  point  of  high  ground  in  the  cut  to 
the  railroad  grade  at  an  elevation  of  1910  to  prevent  a  peak  flood  overtopping  the 
benn  which  would  allow  the  river  to  revert  to  its  original  channel. 

Surface  drainage  was  improved  and  subdrains  were  installed  in  the  gravel  blanket 
adjacent  to  the  proposed  railway  embankment  to  increase  stability  against  a  shallow 
failure  during  embankment  construction. 

Construction 

River  diversion  and  benning  were  constructed  during  the  fall  and  winter  of 
1973  and  1974.  Drainage  improvement  and  completion  of  the  railway  embankment 
and  track  placement  were  done  in  August  of  1974.  Construction  quantities  are 
summarized  in  Table  1. 

TABLE   1 
Construction  Quantities 
Item  Quantity' 

Earthworks  409,000  cu.  yd. 

Filter  gravel  8,680  cu.  yd. 

Riprap  15,000  cu.  yd. 

Culverts — 30  in.  diameter  290  lin.  ft 

The  river  diversion  and  berm  construction  progressed  simultaneously  with  the 
soil  from  the  pilot  charmel  placed  along  the  south  bank  of  the  old  river  channel  in 
tlie  berm  area.  On  completion  of  the  pilot  channel,  the  old  channel  was  closed  and 
the  berm  completed  to  final  dimensions  with  the  remainder  of  the  diversion  channel 
material  as  shown  on  the  vertical  photograph.  Figure  8.  The  bulk  of  the  excavation 
was  in  silts  and  sands  of  low  moisture  content  and  was  excavated  by  scrapers.  A 
large  backhoe  was  used  to  load  the  silty  soils  found  below  the  water  table  as  well 
as  some  24,000  cu.  yd.  of  soft  grey  clay  encountered  in  a  reach  of  tlie  diversion. 
The  random  meandering  of  the  river  had  obviously  not  eroded  the  original  glacial 
lake  clays  to  below  the  design  channel  deptli  at  all  locations. 

Concerns  were  expressed  that  silt  stirred  up  l)y  the  excavation  woidd  be  hannful 
to  fish  or  affect  the  water  intake  of  the  town  of  Chetwynd  IcK-ated  some  8  miles 
downstream  from  the  site.  The  excavation  sequence  was  adjusted  to  minimize  silting 
and  the  silt  was  of  significance  only  when  the  final  diversion  channel  berm  was 
breached.  For  that  brief  period,  the  town  water  was  supplied  from  a  standby  well 
system  that  is  nonnally  u.sed  when  the  river  is  in  flood  and  silt  laden.  Fisheries 
oHicials  made  no  report  of  harm  to  fish. 

One  incident  marred  the  otherwise  smooth  earthworks  operation.  A  loaded  631 
scraper  went  off  the  fill  causing  serious  damage  to  the  adjacent  trestle  and  closing 
the  line  on  August  20,  1974.  Earth  moving  operations  were  tlierefore  put  on  double 
shift  and  the  new  grade  was  topped  off  and  the  track  laid  to  allow  rail  traffic  to 
resume  on  August  23. 


'  Work   done   in    1973   and    1974   includinK   river  channel   excavation,   erosion   protection,   berm 
construction   and  railway   grade  completion. 
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Instrumentation    Response 

Instrumentation  of  the  embankment  foundation  consisting  of  alignment  hubs, 
slope  indicators  and  piezometers,  see  Figure  9,  were  monitored  during  August,  1974 
when  this  embankment  was  completed.  Unlike  the  large  displacement  measured  in 
1971  and  1972  shown  in  Figure  6,  the  lateral  displacements  measured  were  less  than 
/2  in.  and  quite  acceptable  as  shown  in  Figure  7. 

Clearly  the  bemiing  had  been  effective.  Representative  pore  pressure  response 
from  three  levels  in  the  foundation  are  also  shown  in  Figure  7.  The  artesian  pressure 
in  the  underlying  silt  remained  high  and  was  little  affected  by  surface  loading.  The 
pore  pressure  response  was  greater  in  the  soft  grey  clay  as  opposed  to  that  in  the 
shallower  brown  clay.  For  the  pore  pressures  measured,  it  was  estimated  that  the 
safety  factor  with  respect  to  a  shallow  shear  failure  was  in  excess  of  1.3  and  greater 
than  1.2  against  deep  seated  sliding.  The  stability  with  respect  to  the  former  and,  to 
a  lesser  extent,  the  latter  would  increase  with  the  dissipation  of  construction  pore 
pressures  in  the  clay. 

Conclusion 

Since  completion  of  the  work,  the  railway  embankment  has  performed  satisfac- 
torily, the  river  diversion  channel  has  remained  stable  and  the  benn  area  has  been 
restored  to  productive  pasture. 

It  is  apparent  that  the  trestle  foundation  soils  were  near  the  point  of  instability- 
throughout  the  life  of  the  structure  and  that  stabilization  of  the  foundation  was 
required  before  the  trestle  could  be  replaced  widi  any  pemianent  structiu-e  or  fill. 
Artesian  groundwater  pressure  was  tlie  major  cause  of  instability.  The  nature  of  the 
clay  deposit,  the  surficial  groundwater  and  the  erosion  of  the  adjacent  riverbank 
were  also  of  significance.  While  a  number  of  means  described  in  the  text  are  at  die 
disposal  of  the  engineer  in  dealing  with  artesian  pressures,  site  conditions  dictatetl 
that   extensive   berming   was   the   only   feasible   method   of   stabilization   at   this   site. 
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Figure  8 

A  vertical    photograph  exposed  June   3rd,   1978  following 
the   river  diversion,   slide   stabilization  and  trestle 
replacement. 
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Fig.    9 

Piezometers   installed  prior  to  final    construction  in  1973-74.     Note  stand- 
pipe  piezometer  fitted  with  a  pressure  gauge   to   record  artesian  pressures. 
The   leads  coiled  on   the   ground  are   from  a  second  pneumatically  activated 
piezometer.     These   piezometers   installed  in   the  same  hole   to  measure  pore 
pressure   in   different  zones   that  were   isolated  by  placing  bentonite  clay 
zones   on   the  bore  hole  back   fill. 


Unique  Solution  to  Problem  Area  in  Building 
a   New  Railroad   in  Canada 

by  M.   S.  Wakely* 

The  driving  of  the  last  spike  at  Craigellachie,  B.C.  on  Xovember  7,  1885  is 
the  point  at  which  most  stories  about  building  the  Canadian  Pacific  Railway  end. 
This  is  probably  because  the  construction  of  the  railway  accomplished  its  political 
objective.  It  realized  the  dream  of  a  nation  welding  together  the  territories  com- 
prising Canada  so  that  confederation  could  become  a  reality. 

However,  for  those  of  us  associated  with  Canadian  Pacific,  the  driving  of  the 
last  spike  was  only  the  beginning  of  many  challenging  engineering  projects. 

Two  of  the  most  outstanding  early  in  this  century  were  the  construction  of  die 
spiral  tunnels  near  Feld,  B.C.  to  reduce  a  4.5  percent  grade  and  the  construction  of 
the  Connaught  Tunnel  to  avoid  avalanche  paths  and  the  many  switch-backs  char- 
acteristic of  operating  over  the  Selkirk  Summit  and  Rogers  Pass. 

One  major  project  more  recently  completed  was  the  line  revision  from  Redgrave 
to  Rogers  in  B.C.  to  accommodate  the  Mica  Dam  reservoir  north  of  Revelstoke  on 
the  Columbia  River.  On  this  project,  the  parameters  were  a  maximum  of  1%  grade 
compensated  for  curvature  with  maximum  of  6°  curves,  which  have  now  become  the 
standard  for  all  future  projects. 

Today,  however,  I  wotJd  like  to  describe  to  you  some  of  the  projects  currently 
underway  or  being  studied,  and  which  are  designed  to  increase  the  plant  capacity 
to  handle  the  higher  freight  tonnage  of  the  future. 

It  became  evident  in  the  early  1970's  that  the  increase  in  traffic  over  tlie  terri- 
tory from  Calgary  to  Vancouver  demanded  that  some  action  be  taken  to  ensure 
sufficient  capacity  to  accommodate  projected  additional  growth.  The  volume  between 
Golden  and  Vancouver  in  1965  was  a  total  of  20.3  million  gross  tons.  In  1975  this 
increased  to  46.7  million  gross  tons,  largely  as  a  result  of  the  introduction  of  the 
coal  unit  as  well  as  increased  tonnages  of  sulphur,  potash  and  grain.  In  spite  of 
a  three  month  work  stoppage  due  to  labour  disputes  in  southeastern  British  Colum- 
bia, the  volume  in  1976  was  43  million  gross  tons.  Exports  from  the  Port  of 
Vancouver  in  1977  have  increased  by  18.5%  over  1976.  In  1978,  the  Port  shipped 
45.2  million  tons  of  which  14.4  million  was  coal.  This  growth  amply  demonstrates 
the  need  for  additional  railway  capacity.  It's  amazing  when  one  realizes  that  it  has 
taken  90  years  to  reach  a  point  in  the  operation  of  this  railway  when  it  may  be 
readily  seen  what  the  practical  capacity  limits  look  like. 

The  studies  in  the  early  1970's  clearly  indicated  that  westward  traffic  volumes 
along  the  CP  Rail  mainliine  were  restricted  by  four  ascending  grades  in  excess  of 
1%,  namely: 

1.  Lake  Louise  to  Stephen 

2.  Rogers  to  Stoney  Creek 

3.  Revelstoke  to  Clanwilliam 

4.  Tappen  to  Notch  Hill 


•Regional  Engineer,  Special   Projects,  C.P.   Rail,   Vancouver,   B.C.    (formerly  Chief  Engineer, 
British   Columbia   Railway,   Vancouver,   B.C.). 
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Four  3,000  HP  units  at  Lake  Louise,  Revelstoke  and  Tappen  are  limited  to 
hauling  7,200  gross  tons  westward.  At  Rogers,  they  are  limited  to  4,680  tons.  How- 
ever, the  "A"  rating  for  these  same  four  units  on  a  1%  grade  is  12,000  tons.  It  can 
be  readily  seen  that  the  adverse  grades  limit  capacity. 

The  first  step  taken  by  CP  Rail  to  increase  capacity  was  in  1974  with  the 
acquisition  of  15  Robot  cars.  This  permitted  inserting  two  diesel  units  into  the 
middle  of  the  train  which,  with  four  units  on  the  head  end,  provided  a  50%  increase 
in  tonnage  capacity  of  each  bulk  train.  Six  locomotive  trains  carrying  potash,  sulphur, 
grain  and  coal  are  now  able  to  handle  10,800  gross  tons.  However,  the  adverse 
2.2%  grade  between  Rogers  and  Stoney  Creek  on  the  east  side  of  the  Selkirks  still 
demands  that  pusher  power  be  utilized  to  negotiate  this  grade.  Four  and  sometimes 
five  additional  units  are  necessary  to  push  the  trains  over  this  grade. 

Utilization  of  pusher  units  causes  delays  to  traffic  and  thereby  reduces  capacit>- 
of  the  railway  line.  The  pushers  are  cut  in  at  Rogers  and  then  taken  out  at  Stoney 
Creek  8.6  miles  later.  This  operation  can  take  from  45  minutes  to  IM  hours  depending 
on  weather  conditions.  After  the  pushers  are  cut  out  at  Stoney  Creek  they  must 
return   to  Rogers.  This  movement  also  contributes  to  the  restriction. 

Once  the  trains  have  negotiated  the  Rogers  grade  they  continue  with  sL\  units 
to  Chase,  B.C.,  14  miles  west  of  Notch  Hill  where  two  of  the  four  leading  units 
are  removed  and  the  train  continues  to  Vancouver  with  four  units,  two  leading  and 
two  in  mid-train.  Eastward  trains  then  pick  up  the  spare  two  units  and  return  them 
to  Rexelstoke. 

That,  basically,  is  the  operation  today.  Maximum  power  of  sLx  diesel  units 
hauling  10,800  tons,  plus  tlie  need  for  pushers  at  Rogers  and  tlien  shuffling  power 
back  from  Chase. 

Studies  have  clearly  indicated  that  if  these  adverse  grades  were  reduced  to 
1%  and  compensated  for  curvature  with  maximum  of  6°,  then  bulk  trains  could  be 
operated  from  Calgary  to  Vancouver  with  five  diesel  units,  two  of  \\hich  would  be 
slaves,   carrying   13,750  tons. 

This  would  increase  the  tonnage  on  each  train  by  approximately  28^.  Furtlier, 
it  is  predicted  that  the  capacity  of  tlie  line  would  be  increased  to  19  west\vard 
trains  per  day  rather  than  the  maximum  15  that  the  system  can  now  accept  in  a 
24-hour  period.  It  is  anticipated  tliat  this  increase  could  carry  the  forecasted  traffic 
growth  until  the  turn  of  the  century.  Four  trains  per  day  may  not  seem  significant, 
but  when  one  multiplies  4  times  13,750  tons  times  335  days,  the  result  is  in  excess 
of  18  million  gross  tons.  These  studies,  therefore,  led  to  the  second  major  step 
whereby  grade  reductions  would  be  implemented  between  Re\elstoke  and  Clan- 
william,  a  distance  of  4.5  miles;  between  Tappen  and  Notch  Hill,  a  distance  of  11 
miles;    and   between   Lake   Louise   and   Stephen,   5.5   miles   in   Banff   National  Park. 

Applications  to  the  Canadian  Transport  Commission  were  made  sinuiltaneouslx 
for  authority  to  construct  grade  re\isions  to  the  parameters  of  1%  grade  and  maxi- 
mum 6°  curves  compensated  at  both  Re\elstoke  and  Notch  Hill.  It  was  concluded 
that  if  the  grades  were  revised  at  these  t\vo  locations  then  the  13.750  ton  trains 
with  three  head  end  and  two  slave  units  could  commence  operating  from  Revelstoke 
to  Vancouver  without  tlie  necessity  of  reducing  power  at  Chase,  B.C.  So  these  two 
points   would,   b\'  themselves,   give  us  some  immediate  operating  sa\ings. 
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Hearings  for  the  Re\elstoke  project  were  held  in  August  1974  and  conduded 
in  half  a  day  witliout  opposition  and  the  commission  issued  approval  on  December 
9,  1974.  The  Tappen-Notch  Hill  project  was  an  entirely  different  story.  Hearings 
commenced  at  Salmon  Arm  in  August  1974  and  were  postponed  twice,  concluding 
in  March  1975.  A  decision  was  not  rendert^l  for  14  months  after  the  hearings 
concluded.   Approxal   was   granted  in   August    1976. 

On  all  of  the  projects,  to  meet  the  parameters  of  reduced  grade  and  curvature, 
it  is  necessary  to  swing  the  line  away  from  the  existing  main  track  to  obtain  suffi- 
cient length  to  enable  construction  to  the  parameters.  On  the  Tappen-Notch  Hill 
project  this  necessitates  construcing  the  line  through  26  private  holdings,  all  of 
which  iire  agricultural.  At  the  hearings  we  were  opposed  by  the  landowners  and  the 
British  Columbia  Go\emment. 

The  problems  were  further  complicated  because  our  forces  were  not  pennitted 
to  enter  any  of  the  lands  to  conduct  surveys  and  obtain  precise  information.  It  was 
only  after  the  decision  of  the  C.T.C.  was  handed  down,  which  specifically  stated 
that  we  were  to  make  as  many  improvements  as  possible  to  reduce  the  severance 
suffered  by  the  farmers,  tliat  we  were  able  to  conduct  field  surxeys.  Once  we  were 
permitted  to  enter  the  land,  a  number  of  revisions  were  made  which  increased  our 
estunated  costs  by  1.3  million  dollars.  These  revisions  were  of  such  a  magnitude  that 
it  necessitated  re-applying  to  the  C.T.C.  The  revised  line  was  approved  in  July  of 
1977. 

Negotiations  with  tlie  farm  owners  continued  through  this  period  and  we  were 
able  to  acquire  most  of  tlie  property  necessary,  except  tlirough  five  holdings.  The 
acquistion  of  these  five  holdings  was  commenced  in  expropriation  proceedings 
but  finally  all  the  land  was  acquired  in  out-of-court  settlements. 

As  yovi  can  readily  imderstand,  in  a  totally  developed  area,  borrow  pits  or 
disposal  areas  must  also  be  acquired  on  private  property.  The  matter  is  not  as 
simple  as  just  acquiring  the  land  and  commencing  operations.  If  a  graxel  source  is 
involved,  then  we  nmst  make  application  to  the  land  use  committee,  the  department 
of  mines  and  the  Secretariat  of  the  Province  of  B.C.  We  must  go  through  the 
Secretariat  to  ensure  that  tlie  concerns  of  other  agencies  in  the  Provincial  Govern- 
ment are  met. 

The  regulatory  and  land  acquisition  problems  notw  itiistanding,  we  consider  the 
Tappen-Notch  Hill  grade  revision  rather  straightfoiAvard,  but  still  a  difficult  project. 
The  soils  for  the  most  part  are  extremely  dry  sandy  silts  and  require  the  addition 
of  large  volumes  of  water  to  achieve  compaction.  The  real  problem  area  is  adjacent 
to  the  existing  main  track  at  the  west  end  of  tlie  project  in  the  vicinity  of  Notch 
Hill.  In  this  area,  for  about  one  mile,  the  line  tra\erses  through  a  peat  bog.  The 
depth  of  peat  varies  from  five  to  eight  feet  and  it  has  Ix'en  exca\ated  and  backfilled 
with  granular  materials.  Completion  of  tlie  Tappen-Notch  Hill  project  is  slated  for 
July   this   year  at   a   total   estimated   cost   of    13.9   million   dollars. 

The  second  project,  under  construction,  and  also  scheduled  for  completion  later 
this  year,  is  the  4/2-niile  section  from  Revelstoke  to  Clanwilliam.  I  think  John  Fox, 
our  chief  engineer,  described  the  area  better  than  I  could  e\'er  hope  to.  He  said 
"when  God  made  the  world,  he  had  a  lot  of  junk  left  over,  which  he  dumped  into 
the  Revelstoke  valley  and  tliey  stirred  it  up  with  a  huge  paddle." 
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No  doubt  the  first  question  you  would  ask  is  why  are  we  constructing  in  such 
an  area.  The  answer  is  simple:  there  was  no  other  place  to  go.  The  valley  is  ex- 
tremely narrow  with  the  towering  Monashee  Mountains  on  each  side.  The  Trans 
Canada  Highway  and  the  existing  railway  occupy  the  majority  of  the  valley,  and 
the  only  remaining  area  is  the  selected  route. 

The  terrain  consists  primarily  of  silty  clays  which  cannot  be  utilized  for  grade 
construction  and  especially  where  high  fills  are  proposed.  The  route  crosses  Tonka- 
watla  Creek  three  times  and  each  crossing  requires  fills  of  90  to  110  ft.  It  has  been 
necessary  to  find  a  granular  source  of  borrow  for  the  construction  of  these  Creek 
crossings  as  well  as  for  the  many  other  locations  along  the  route.  It  is  planned  to 
utilize  about  1,300,000  cy  of  this  granular  borrow.  In  other  words,  we  are  forced 
to  strip  everything  and  replace  it  with  new  material. 

At  the  west  end  of  the  project,  where  5,900  ft  of  the  hne  is  totally  in  cut,  the 
material  is  so  poor  that  it  must  all  be  wasted.  The  total  volume  of  waste  is  640,000 
cy.  2,800  ft  of  this  cut  is  to  be  located  in  unconsolidated  silts  which  are  completely 
saturated.  Test  excavations  indicated  that  even  at  6  to  1  slopes  the  material  would 
be  unstable.  In  order  to  construct  through  this  area  is  was  e\ident  that  something 
had  to  be  done  to  stabilize  the  soil.  Dr.  Leo  Casagrande,  an  eminent  soils  exi>ert, 
recommended  that  a  process  called  electro-osmosis  be  apphed  to  the  area  in  order 
to  stabilize  the  silts. 

Much  can  be  said  about  the  theory  and  principals  of  electro-osmosis,  like,  "the 
rate  of  hydrauhc  flow  is  proportional  to  the  first  power  of  the  cross  sectional  area 
of  the  individual  capillaries,  the  coefficient  and  the  rate  of  flow  for  electro-osmotic 
flow  are  independent  of  the  size  of  capillaries."  Terms  like  this  have  also  been  laid 
on  me:  "the  survey  error,  is  due  to  the  obUquity  of  the  ecliptic  and  a  metamorphic 
halo  surrounds  an  igneous  intrusion."  I  prefer  to  depart  from  such  sophisticated 
descriptions  and  deal  with  the  method  of  stabilization  in  laymen's  terms. 

Water  will  not  flow  freely  through  fine  grained  materials  and,  therefore,  re- 
quires a  catalyst  to  cause  the  water  to  move  through  this  type  of  soil.  Electro-osmosis 
is  the  means  to  cause  this  water  to  flow  freely. 

Briefly,  anodes  and  cathodes  are  installed,  in  the  case  at  Revelstoke,  to  a  depth 
of  50  ft.  A  direct  current  of  100  to  150  volts  is  hooked  up  to  these  electrodes  and 
the  water  in  the  fine  grained  soils  flows  from  the  anodes  to  the  cathodes.  Wellpoints 
are  installed  at  the  foot  of  the  cathodes  and  water  is  pumped  out  of  this  system 
reducing  the  water  content  in  the  soils  by  about  5  to  6%.  In  the  process,  ionization 
of  the  soil  particles  takes  place  causing  the  soil  particles  to  bind  together  to  form 
a  stable  mass. 

The  cost  of  electro-osmosis  operation  alone  was  about  2  milhon  dollars,  and 
the  whole  Revelstoke— Clanwilliam  project  is  expected  to  exceed  the  estimated  cost 
of  10.9  milhon  dollars. 

Another  of  the  current  projects  is  at  Lake  Louise.  Construction  has  just  begun 
on  the  proposed  route  which  is  entirely  within  the  Banff  National  Park  and  en\Tron- 
mental  concerns  are  of  the  greatest  importance.  Accordingly,  it  wtis  necessar>-  to 
prepare  a  very  comprehensive  environmental  report  outhning  the  en\iromental 
concerns  and  the  manner  in  which  it  is  proposed  to  mitigate  them.  Between  en\-i- 
rorunental  and  technical  studies,  this  project  in\olved  abnost  four  years  of  active 
planning  and  preparation  to  get  to  the  application  and  public  hearing  stages  which 
took  place  earlier  last  year.  Approval  was  received  in  August  1978. 
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The  corridor  through  the  Lake  Louise  valley  available  for  grade  construction 
is  limited  to  the  south  or  nortli  side  of  the  valley.  The  \;dley  bottom  is  occupied 
by  the  existing  railway  and  the  Trans  Canada  Highway.  The  study  of  various 
routes  began  in  1974  and  a  total  of  six  routes  were  presented  to  Parks  Canada  for 
review. 

Four  of  the  routes  were  proposed  along  the  south  slopes.  These  were  all  dis- 
carded early  in  our  planning  process  because  of  stability  problems,  and  encroachment 
into  the  Bow  River  and  Bath  Creek.  A  great  deal  of  armoring  of  the  toes  of  the 
slopes,  and  river  training  woidd  have  been  necessary,  but  the  primary  objection  was 
that  an  entirely  new  transportation  corridor  woidd  have  been  developed  in  the  Park. 

A  route  was  then  developed  which  commenced  immediately  east  of  Lake  Louise 
Station  and  lay  north  of  the  existing  main  track.  Its  length  was  SM  miles  at  a  cost 
of  10.2  million  dollars  in  1976  dollars.  Parks  Canada  then  requested  that  a  route 
be  studied  north  of  the  Trans  Canada  Highway  that  would  remove  the  existing  track 
completely  from  the  village  of  Lake  Louise.  The  purpose  of  such  a  route  was  to 
permit  Parks  to  develop  visitor  serxdce  facilities  in  tlie  toun  site  without  the  need  to 
plan  around  the  existing  railway. 

The  survey  concluded  that  such  a  route  could  readily  be  accomplished  but  tlie 
cost  would  be  19  million  dollars  in  1976  and  the  route  2  miles  longer. 

However,  Parks  was  unable  to  justify  the  additional  9  million  dollars  required 
to  construct  on  this  route  and  CP  Rail  made  application  in  January  1978  for  the 
shorter  route,  on  which  public  hearings  were  held  at  Lake  Louise  in  May  1978. 
Strong  opposition  to  the  application  was  put  forward  by  several  of  the  motel  owners 
in  the  Lake  Louise  area  who  preferred  the  longer  route.  However,  oiu"  studies  showed 
that  the  route  applied  for  was  environmentally  the  more  acceptable  and  the  Canadian 
Transport  Commission  decision  concurred  with  our  findings. 

Guidelines  and  regulations  changed  during  the  period  that  we  conducted  the 
studies.  One  envirormiental  report  was  prepared  in  January  1977,  just  about  the  time 
a  new  set  of  guidelines  were  issued  by  the  Federal  Go\'eniment,  necessitating  a 
complete  revision  to  the  original  report.  The  cost  of  these  studies  alone  exceeded 
$70,000. 

None  of  what  I  have  said  about  guidelines  and  regulatory  bodies  is  intended  to 
point  out  anything  but  tliat  the  process  today  from  a  projects'  conception  to  com- 
pletion is  long  and  complex.  You  may  be  assured  that  one  cannot  expect  to  plan 
a  project  one  year  and  commence  its  construction  the  following  year.  The  only  en- 
couragement to  this  point  is  that  the  Government  and  the  regulatory  authorities  now 
recognize  that  the  grade  revision  projects  are  necessary  and  that  the  approval  process 
will  move  forward  without  undue  delay,  providing,  of  course,  that  comprehensive 
stndies  are  prepared. 

The  fourth  project  where  pushers  are  required  to  assist  trains  from  Rogers  to 
Stoney  Creek  is  the  most  costly.  The  grade  between  these  two  points  is  the  most 
restrictive  for  westward  traffic  over  the  entire  system.  There  is  no  doubt  that  if  the 
three  grades  at  Lake  Louise,  Clanwilliam  and  Notch  Hdl  are  completed,  then  the 
grade  from  Rogers  to  Stoney  Creek  must  also  be  reduced  to  fidly  gain  the  benefits 
of  the  work  done  at  the  other  locations. 

It  was  originally  proposed  to  commence  the  grade  revision  at  Rogers  and 
continue  on  the  south  side  of  the  valley  and  loop  the  grade  to  converge  with  the 
existing  track  immediately  east  of  the  Cormaught  Tunnel's  east  portal.  But  investi- 
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gation  of  this  route  revealed  a  major  slide  immediately  west  of  the  Beaver  River.  A 
geological  team  estimated  that  this  slide  about  3,500  ft  up.  the  mountain  slope, 
about  1,500  ft  wide  and  about  110  ft  deep  was  a  mass  of  about  90,000,000  cy 
moving  at  about  3  ft  per  year.  The  investigation  costs  just  to  determine  stabilization 
measures  were  estimated  at  2.2  million  dollars.  The  geologist  could  not  give  assurance 
that  the  slide  could  in  fact  be  stabilized,  so  the  study  on  this  proposed  route  was 
immediately  abandoned. 

Studies  were  then  conducted  to  determine  the  feasibiUty  of  constructing  a  re- 
vised grade  above  the  existing  main  track.  In  order  to  construct  such  a  route,  the 
structures  across  five  major  streams  would  have  to  be  much  higher  than  those 
currently  on  the  existing  line,  and  would,  of  course,  be  extremely  expensive.  There- 
fore,  this  proposed  route  was  also  discarded. 

A  survey  was  then  started  to  determine  whether  a  line  could  be  constructed 
below  the  existing  main  track.  Two  alternatives  evolved  from  this  study.  The  first 
alternative  would  commence  at  Rogers  on  a  steady  1%  rise  until  it  crossed  Stoney 
Creek.  Then  two  spiral  tunnels  could  be  constructed,  each  about  one  mile  long, 
enabling  the  route  to  converge  with  the  existing  track  near  the  east  portal  of 
Coimaught  Tunnel. 

The  difficulty  with  all  three  of  these  proposals  was  that  it  would  be  necessary 
to  utilize  the  single  track  Connaught  Tunnel.  Although  this  tunnel  was  originalK 
constructed  as  a  double  track  route,  the  second  track  cannot  be  restored,  and  still 
provide  the  clearances  required  for  today's  freight  cars,  without  lowering  the  floor 
of  the  tunnel  about  6  feet.  This  would  be  a  monumental  task  while  trying  to  maintain 
traffic  in  the  tunnel.  The  alternative  of  estabHshing  a  gauntlet  track  in  the  tunnel 
was  even  considered. 

The  fourth  alternative  was  to  commence  at  Rogers  on  a  steady  rise  of  1%  and 
tunnel  through  Mount  McDonald  in  Rogers  Pass,  a  distance  of  8.3  miles,  and  con- 
nect to  the  existing  track  about  two  miles  west  of  Glacier.  This  route  would  consist 
of  12  miles  of  surface  route  and  8.3  miles  of  turmel.  The  cost  of  this  project  is 
estimated  at  more  than  100  milUon  dollars. 

A  geological  study,  a  drilling  program,  and  a  route  sur\'e>-  for  this  tunnel  was 
completed  in  1978  in  Rogers  Pass.  These  investigations  have  cost  $750,000  to  date. 
The  data  gathered  is  currently  being  analyzed  to  determine  the  feasibility-  and  esti- 
mated cost  of  the  project. 

The  four  projects  outlined  are  expected  to  cost  in  the  area  of  $150  milUon  in 
total,  particularly  if  inflation  continues  even  at  a  moderate  rate.  You  might  well  ask 
if  there  are  not  less  cosdy  alternatives. 

The  answer  is  simply  that  the  less  costly  alternatives  ha\e  already  been 
implemented,  all  of  which,  combined  together,  have  enabled  the  best  use  of  the 
present  capacity. 

— Alydi  Yard  at  Calgary  has  iniproNcd  train  marsluilling  and  dispatch. 

— Centralized  Traffic  Control  to  more  efi^ecti\ely  and  efficiently  move  traffic 

— Longer  sidings 

— Point-to-train  radios 

— Greater  capacity  locomotives  and  freight  cars 

— Robot-controlled  mid-train  power 

— Heavier  and  continuous  welded  rail,  and  much  improved  track  structure. 


Address  by  M.  S.  Wakely  427 


With  those  measures  over  the  last  10  to  15  years,  the  productivity  and  capacity 
of  the  single  track  mainline  plant  has  been  greatly  improved.  This  line  is  among  the 
most  productive,   if  not  tlie  most  productive,   of  its  kind  on  the  continent. 

But  now  existing  technology  and  metliods  have  been  exploited  to  the  fullest, 
and  it  has  been  detennined  that  tliey  alone  are  not  sufficient  to  provide  for  future 
capacity.  That  is  why  major  revisions  to  the  rail  route  itself  are  being  implemented. 

The  projects  I  have  described,  costly  though  they  may  be,  are  probably  only 
a  beginning,  but  together  they  eliminate  the  main  potential  obstacle  for  at  least  the 
foreseeable  future. 

Probably  toward  the  end  of  tliis  century,  or  sooner,  some  new  location  may 
become  the  potential  capacity  liiaiitation  and  will  require  a  solution. 

Meanwhile,  there's  a  big  job  to  be  done  and,  for  a  railway  engineer,  CP  Rail's 
Pacific  Region  is  a  most  interesting  place  to  be. 


Ballast  Properties  That  AfFect  Ballast  PerformarKe 
by  Gerald  P.  Raymond^ 

Introduction 

For  the  past  seven  years,  Transport  Canada  Research  and  Development  Centre, 
Canadian  National  Railway  Company,  and  Canadian  Pacific  Limited  have  sponsored 
a  research  program  investigating  the  stresses  and  deformations  in  railway  track 
structinre  and  supp>ort  under  dynamic  and  static  load  systems  at  Queen's  University 
imder  the  project  leadership  of  the  writer.  In  particular  two  aspects — tie  design, 
and  ballast  selection  and  grading — were  studied  in  detail.  The  work  to  be  presented 
herein  will  deal  with,  (a)  ballast  size  as  it  affects  imiformly  graded  aggregate,  (b) 
the  effect  of  broader  ballast  grading  than  is  normally  specified,  and  (c)  load  ranking 
of  ballasts  neglecting  weathering  and  other  phenomena  which  would  be  necessary 
in  a  real  life  selection  procedure.  The  tests  were  performed  mainly  in  the  laboratory 
using  a  triaxial  apparatus  which  is  often  employed  in  geotechnical  engineering  for 
assessing  aggregates. 

The  main  source  for  ballast  gradings  in  North  America  is  the  American  Railway 
Engineering  Association's  (AREA)  Manual  for  Railway  Engineering.  These  gradings 
have  evolved  from  those  identified  for  early  concrete  and  road  aggregates,  in  spite 
of  the  totally  different  uses  involved.  Over  the  years,  concrete  and  road  aggregates 
have  become  broader  graded.  Despite  this,  railroad  ballast  tends,  not  only  in  North 
America  but  also  world-wide,  to  be  uniformly  graded  ( that  is,  single  sized  with 
the  opening  of  the  major  percent  passing  sieve  being  1.5  to  3  times  the  size  of  the 
percent  retained  on  sieve).  The  AREA  gradings  are  currently  (1979)  used  by  CP 
Rail  and  are  shown  in  Table  1  and  fig.  1.  The  current  CN  Rail  grading,  which  is 
very  similar  to  the  AREA  grading  No.  5,  is  also  shown. 

Experimental  Details 

In  the  majority  of  North  American  practice  ballast  crib  and  shoulder  compac- 
tion are  not  practiced  leaving  tamping  below  the  tie's  rail  seat  as  the  only  uni\ersal 
maintenance  procedure  for  compaction.  Compaction  is  also  achie\'ed  by  the  passage 
of  train  traffic  with  slow  orders  often  imposed  for  a  given  period  or  tonnage  after 
maintenance.  Tamping  is  perfonned  over  four  lengths  ( two  sets  of  tampers  either 
side  of  each  rail )  each  about  300  mm  (12  in. )  long  under  each  tie.  Ties  are 
generally  200  mm  (8  in. )  wide  spaced  every  500  mm  (20  in.).  Thus  the  compacted 
ballast  forms  rectangidar  columns  about  200  mm  (8  in.)  x  300  mm  (12  in.)  sur- 
rounded by  loose  vmcompacted  ballast.  Even  crib  and  shoulder  compaction  tends  to 
compact  only  the  ballast  near  the  top  of  the  ballast  bed.  Under  such  conditions 
compressive  triaxial  testing  is  beUeved  to  he  more  representative  of  field  conditions 
than  plane  strain  testing  ( although  a  three  dimensional  stress  state  would  be 
better)   for  assessing  the  resistance  of  ballast  to  vertical  forces. 

Of  interest  to  the  track  engineer  is  the  behavioiu:  of  ballast  at  low  ( relati\  e  to 
earth  dams)  confining  pressures.  Vertical  stresses  at  the  tie/ballast  interface  imder 
static  wheel  load  only  average  140  kPa  (20  psi)  while  lateral  deptlis  of  ballast  on 
the  side  and  end  of  the  tire  are  rarely  more  tlian  150  mm   (6  in.). 


I  Professor  of  Civil  Engmeering,  Queen's  University,  Kingston,  Ontaria,  Canada.  K7L  3N6. 
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The  results  reported  herein  were  mainly  done  in  a  229  mm  (9  in.)  diameter 
cell  at  a  confining  pressure  of  35  kPa  (5  psi)  using  a  stage  1  stress  difference  of 
140  kPa  (20  psi)  and  a  stage  2  stress  difference  of  210  kPa  (30  psi)  each  applied 
for  500,000  cycles  as  illustrated  in  fig.  2.  Particular  attention  has  been  paid  to,  (a) 
phxstic  strain,  which  causes  niil  twist,  (b)  strength,  which  affects  lateral  track 
stability,  and  (c)  degradation,  which  affects  ballast  fouling  and  thus  permeability 
and  instability  due  to  liquefaction  when  wet.  Another  factor  which  is  reported  is  the 
effect  of  void  size  on  subballast  or  subgrade  intrusion.  The  apparatus  for  tliis  test 
is  shown  in  fig.  3. 

Two  top  sizes  of  ballast  particles  based  on  the  38.1  mm  (1.5  in.)  and  4.76  irun 
(No.  4)  sieves,  were  tested.  Two  sets  of  gradings  were  used:  uniformly  graded  and 
broadly  (or  densely)  graded.  The  uniformly  graded  samples  consisted  of:  (1), 
particles  passing  the  38.1  mm  (1.5  in.)  and  retained  on  the  25.4  mm  (1  in.)  sieve 
and  (2),  particles  passing  the  4.76  mm  (No.  4)  sieve  and  retained  on  the  2.38  mm 
(No.  8)  sieve.  The  broadly  graded  sample  was  based  on  particles  passing  the  38.1 
mm  (1.5  in)  sie\e  and  retained  on  the  2.38  mm  (No.  8)  sie\e.  These  three  gradings 
are  shown  in  fig.  4. 

Four  aggregates,  selected  on  the  basis  of  the  hardness-toughness  attributes,  were 
tested — the  hard,  tough  sudbury^  slag,  the  hard,  moderately  weak  kenora  granite, 
the  soft,  tough  coteau  dolomite,  and  the  soft,  weak  grenviUe  marble  (a  non-ballast). 
The  toughness  was  measured  by  means  of  the  standard  Los  Angeles  abrasion  (LAA) 
test  using  grading  3  of  ASTM  C535.69.  The  hardness  was  measured  with  an  auto- 
geneous  mill  abrasion   (MA)   test  developed  at  Queen's. 

The  four  aggregates  were  tested  at  as  high  a  density  as  was  obtainable  without 
damaging  the  confining  membranes.  This  was  between  925^  and  102%  of  maximum 
vibrated  density.  The  properties  and  test  characteristics  of  the  foiu  aggregates  are 
summarized  in  table  2.  Since  all  four  aggregates  selected  for  test  exhibit  approxi- 
mately cubical  particle  shape,  as  seen  from  their  tabulated  shape  factors,  it  was 
possible  to  eliminate  that  variable  from  consideration  (a  perfect  cube  would  have  a 
shape  factor  of   1.73). 

Repeated  Load  Strains 

In  order  to  make  a  representative  comparison  of  tlie  repeated  load  strains  tlie 
plastic  strain  from  the  first  cycle  was  deducted  from  the  presented  results.  The 
plastic  axial  strain  occurring  following  the  first  cycle  is  shown  in  fig.  5  for  the  four 
different  aggregates.  Diuing  stage  1  loading  smaller  single  sized  aggregates  of  all 
t>pes,  in  general,  setded  less  than  larger  single  sized  aggregates  despite  the  fact 
tJiat  botli  samples  had  similar  percent  compaction  values  and  therefore  similar  densi- 
ties since  dieir  maximum  densities  were  basically  equal.  One  exception  was  the  slag 
ballast,  however  as  will  be  seen  later,  this  was  because  the  stress  difference  was 
close  to  failure.  Furthermore,  it  is  apparent  that  after  1000  cycles  the  small  single 
sized  Sudbury  slag  stabilized  ( by  particle  interlock )  and  the  rate  of  settlement 
thereafter  was  marginally  less  than  the  large  single  sized  sudbiuy  slag  (for  practical 
piu-poses  they  were  the  siune).  During  stage  2  loading  similar  results  were  obtained 
for  the  b^o  soft  mineral  aggregates  however  both  hard  mineral  grained  small  particle 
aggregates  failed  when  the  stress  difference  was  raised  to  210  kPa  (30  psi). 


432 


Bulletin  673 — American  Railway  Engineering  Association 


CONSTANT    CELL 
PRESSURE 
0-3=    35    kN/~2 
(5    PSI) 


REPEATED     LOADtq  -CTj) 
STAGE     1     140    kN/m2     (20     PSI) 
STAGE     2    210    kN/m2     {30     PSI) 
500,000    CYCLES     EACH    STAGE 


LOADING     RAM 


AIR    RELEASE    VALVE 


'^         ^  LOADI  NG    CAP 

PERSPEX    CYLINDER 


RUBBER    MEMBRANE 

POROUS     DISC 
PEDESTAL 


DRAI  Nl  NG    OF 
PORE    WATER 


V////.  .■//, .  .  .■/,/,.',■.'//.////..  . . . , 


THE    TRIAXIAL    APPARATUS 


FIG, 


l.ABOR.VrOin'   AIM'ARATUS    FOii    BALLAST    LOAH   TliSTINC. 


Address  by  G.  P.  Raymond 


433 


zzz 


^ 


254  mm  (lO")  DIA 


REPEATED   LOAD 


DIAL 
GAGE 


99  mm  (3.9")  DIA 
RIGID  FOOTING 


20  mm  (3/4")  FOAM  RUBBER  U 


y  /lAu 


r — 


/    FABRIC  TO 
-y'PROTECT 
//    FOAM   RUBBER 


FOAM  RUBBER 
"6  mm  (1/4")  THICK 
U  =  50-200  MN/m^ 
(200-800  Ib/in^) 


-25-100  MN/m^ 
(100-400  Ib/in^) 


FIG. 


LABORATORY   APPAFUTUS    FOR   .SIIBCRADF    INTRUSION  TFSTING 


434 


Bulletin  673 — American  Railway  Engineering  Association 


U.S.  SIEVE  SIZE 


100 


#8 


80 


o 


q: 

h- 

LU 

o  40 
cr 

LU 
CL 


20 


0, 


#4  3/8"  1/2"  3/4"  I"     1.5"    2"      3" 


SMALL  UNIFORM 
GRADING 

BROAD  / 

OR  DENSE     / 
GRADING     / 


LARGE 

UNIFORM 

GRADING 


8  10  20  40 

PARTICLE  SIZE  mm 


80 


FIG.  4    GR.^DINGS  USED  I.\  LABORATORY  INVESTIGATION 


Address  by  G.  P.  Raymond 


435 


;OTEAU  DOLOMITE 
0-,  •  35  kN/m» 


V. 


:^ 


suoeuR*  SL«i 

0-,  •  35  kN/m' 


\. 


1  _  stage  i  ^ stage  2 

■Repeated  devTator  stress  ,  repeated  de\/iator  stress" 

■5  l40kN/m<'  !  210  kN/m^ 

id'    10*    loV 'T    lb'    lo' '  io' "To*  ,  lb*   lo' 


•  0  a'  ?l^' kVir'     y?»i:     iK      59J     ^4)     623     6«     TeT 
»REAK-IN-:SCAIC  4 

STAGE  I  _. STAGE  2 


\0'      10       K)*    '         K)       10'     10       10       10'    '10' 

WOf  CYCLES  (LOG  SCALE! 


ni.NSL -OPTIMUM  CRADi;n   SAMPLH  A  UO 

SINGI.n  Si:t    (S8.1    mm    -    25.4  ram)         O  140 

SIN(;LI".   SIZI;    (4.76  mm    -   2.38  mm)        •  140 

GRENVILLE    MARBLE 


T 


J-,  =  35  kN/m? 


•-.. 


\ 


:-.—._  ^    \. 


k.Vm"  -  210  ksym' 
kN/m"  •  210  kSVm" 
kN/m'       •      210   kN/m' 


^^ 


AT      500,000  CYCLhS   liACH 
AT      500,000  CY<:i.i;S   LACJI 

Ai     500,000  CY(:i.i:s  lacii 

«F\ORA   GRANITE 
T,  ■  55  kN/m^ 


STAGE  I  ■    ■        __J. STAGE  2  V 

REPEATED  OEVlATOR  STRESS   ',  REPEATED  OEVIATOR  STRESS 
4-  110  kN/m' 


210  kN/m' 

I .. 


10*     10'    '"^10'      10'     to'     10*     »'     10* 
NO  OF  CYCLES  (LOG  SCALE ) 


?0'-9EPEATEO  OEVlATOR  STRESS      REPEATEOV  OEVlATOR  STRESS 
'  140  kN/m'  \2I0  kN/m' 


ItCAIi.lN.  SCAK 


iri  4  M  964 

J.  ..-I :..  .1  .1     , 

■j'     10*     0\^^     <0'      W     O'  10'  10'   JO* 
NO  OF  CVCL  ES  (LOG  SCALE ) 


FIG.  5 


VERTICAL  PLASTIC  STRAINS 


436  Bulletin  673 — American  Railway  Engineering  Association 

Also  shown  in  fig.  5  are  the  deformation  patterns  for  the  broadly  graded 
aggregate.  It  may  be  seen  that  although  the  percent  compaction  of  these  gradings 
is  considerably  less  than  those  of  the  uniformly  graded  aggregates  the  plastic 
deformations  recorded  with  this  grading  are  very  much  superior  to  the  large  single 
sized  aggregate  in  all  cases.  In  particular  the  hard  mineral  grained  aggregates  gave 
better  interlock  with  a  broad  grading  at  the  higher  stress  difference  and  thus  con- 
siderably lower  rates  of  plastic  strain.  Had  the  percent  compaction  been  the  major 
influencing  factor  the  reverse  performance  would  be  expected. 

In  general  the  smaller  single  sized  aggregate  when  subject  to  the  lower  axial 
stress  difference  ( including  sudbury  slag  after  1000  cycles )  deforms  at  a  similar  rate 
to  the  broadly  graded  aggregate  despite  the  higher  percent  compaction  of  the  single 
sized  material.  The  main  exception  is  the  soft  grained  weakly  bonded  grenville 
marble.  For  the  grenville  marble,  a  non-ballast  with  an  LAA  of  55,  the  smaller 
single  sized  material  outperformed  the  broader  graded  aggregate,  however  the  per- 
centage compaction  of  the  broad  graded  sample  may  be  noted  as  being  low  which 
may  be  the  explanation  for  its  poorer  performance.  Both  the  small  and  broad  gradings 
outperform  the  large  particle  grading  for  stage  1  loading. 

When  subject  to  the  higher  axial  stress  difference  both  hard  aggregate  single 
small  sized  materials  failed  so,  obviously,  the  broader  graded  material  was  superior. 
The  soft  aggregate  single  small  sized  materials  showed  different  performance  records. 
The  grenville  marble  showed  slightly  superior  performance,  while  the  coteau  dolo- 
mite showed  a  poorer  performance,  than  the  broader  graded  material. 

These  results  make  it  apparent  that  the  broader  grading  provides  a  superior 
resistance  to  plastic  deformation  under  repeated-loading  conditions,  and  that  this 
superiority  increases  as  the  hardness  of  the  ballast  material  increases.  The  use  of  a 
broader  grading  specification  would  therefore  have  the  greatest  eff^ect  on  the  per- 
formance of  aggregates  like  the  kenora  granite  and  sudbury  slag.  It  would  also  offer 
advantages  for  the  soft  materials  such  as  the  coteau  dolomite  and  grenville  marble 
although   this  would  be  less  dramatic  than  for  the  hard  aggregates. 

Failure  Axial  Stress  Difference 

At  the  end  of  the  cyclic  testing  the  specimens  were  taken  to  failure.  The  stiess- 
strain  curves  are  shown  in  fig.  6  and  the  failure  stresses  are  given  in  table  2.  The 
large  single  size  aggregates  were  generally  stionger  than  smaller  single  sized  aggre- 
gates even  though  their  densities  and  percent  compaction  are  similar.  Interestingly 
the  softer  mineral  grained  aggregates,  which  are  generally  considered  poorer  ballasts 
due  to  their  more  rapid  breakdown  and  settlement,  show  higher  stiengths.  This 
is  probably  due  to  crushing  at  the  points  of  c-ontact  resulting  in  a  higher  level  of 
particle  interlock. 

Of  more  dramatic  interest  is  the  interlock  stiength  obtained  from  the  broader 
gradings  following  cyclic  loading.  In  every  case  the  broader  grading  of  the  same 
aggregate  type,  as  may  be  seen  from  fig.  6,  gives  a  greater  after  repeated  loading 
strength  than  the  single  sized  specimens,  whether  of  small  or  large  particles  despite 
lower  percentages  of  maximimi  compaction.  This  is  e\en  more  pronoiuiced  if  a  \-ieId 
rather  than   a  peak   strength  is   used   to  make  the  comparisons. 

Comparing  the  after  repeated  loading  strengths  of  different  aggregates  with  the 
same  grading  shows  that  the  softest  and  weakest  grenville  marble  generally  has  the 
highest  strength  despite  having  the  lower  percent  compaction.  The  hardest  and 
toughest  sudbury-  slag  aggregate,  which  would  be  expected  to  give  the  best  long- 
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Moll's  Hardness* 
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:■  6 

>  6 

5.5 

5 

Relative  Hardness* 
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Hard 
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Soft 

Relative  Toughness* 

Tough 

Weak 

Tough 

Weak 

Specific  Gravity* 

.1.40 

2.6.3 

2.81 

2.63 

Mill  Abrasion* 

1.5 

1.5 

4.5 

10.2 

Los  Angeles  .\brasion* 

22 

40 

18 

55 

Shape  Factor* 

1.9.3 

2.10 

2.15 

2.25 

Shape  Description* 

Cuboid 

Cuboid 

Cuboid 

Cuboid 

Ma.x.  Density  kg/m" 

(1)  Small  Uniform 

(2)  Large  Uniform 
fj)  Dense  Grading 
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1950 
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1990 

Compaction  ''.  * 

(1)  Small  Uniform 

(2)  Large  Uniform 
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Strength  kl'a  * 

(1)  Small  Uniform 
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f3)  Dense  Grading 
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.i26 

18  1 
246 
550 

540 
506 
.568 

517 
.548 
414 

After  Raymond    (1977) 


\aUics    for   the   same   tests   as   given   in   Fig. 
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tenn  in-track  overall  performance  generally  ga\e  the  worst  performance  with  regard 
to  after  repeated  loading  strength  despite  having  high  \alues  of  percent  conii>action. 
Indet^  the  broadly  graded  aggregates  could  be  expected  to  perform  in-track  in  the 
exact  reverse  order  to  their  strengths.  This  performance  rating  is  confirmed  from  the 
plastic  deformations  observed  at  the  lower  stress  differences  in  fig.  5  since,  once 
compacted,  in-track  bearing  capacity  problems  are  rareh'  observed.  Ratiier,  problems 
in\oKing  differential  settlements  dominate,  in  particular,  rail  or  track  twist.  Never- 
theless strength  is  important  in  terms  of  lateral  track  stability  ( i.e.  sun  kinks  and  tin- 
like). 

Interestingly  the  widest  variation  in  the  strengtlis  of  different  gradings  for  any 
one  material  is  observed  with  the  better  (as  suggested  in  the  last  paragraph)  hard- 
tough  aggregate  with  tliis  variation,  in  general,  decreasing  as  the  aggregate  type  gets 
inferior.  Thus  as  the  aggregate  gets  harder  and  tougher  the  importance  of  grading 
becomes    apparent    to    increase   the   compacted   strength    requirements    of   a    ballast. 

These  results  suggest  tliat  tlie  use  of  a  broader  grading  should  offer  significant 
ad\antages  in  terms  of  compacted  strengtli,  which  aids  in  impro\ing  the  lateral 
stability  of  the  track  structure,  and  hence  its  resistance  to  sun  kinking  and  similar 
problems.  These  advantages  become  more  pronounced  as  the  qualit>'  of  the  ballast, 
as  measured  by  its  hardness  and  toughness,  improves. 

Ballast  Degradation 

On  completion  of  tlie  triaxial  repeated  load  test,  the  ballast  specimens  were 
sieved  to  determine  their  final  gradings.  Load  associated  degradation  which  is  tlie 
primary  concern  of  this  study  consists  of  the  following  processes,  (a)  breakage  of 
particles  into  approximately  equal  parts,  (b)  breakage  of  angular  projections  from 
individual  particles,  (c)  grinding  of  small  scale  asperities  oft  the  major  faces  or 
planes  of  the  particles,  and  (d)  powdering  by  grinding  or  crushing  of  the  points 
of  particle  contact. 

Degradation  results  in  the  creation  of  'fines'  { for  railways  this  is  often  defined 
as  particles  smaller  than  the  4.8  mm  (No.  4)  sieve)  and  in  changes  in  the  gradation 
of  the  material.  Because  of  the  grading  used  herein,  'fines'  will  be  taken  as  particles 
passing  the  1.2  mm  (No.  16)  sieve.  The  change  in  grading,  representing  the  break- 
down of  idl  particle  sizes,  was  expressed  by  calculating  the  percentage  change  in 
tlie  Hudson  and  Walker  (1969)  grading  modulus  A.  Botli  grading  and  fines  affect 
the  stability  of  the  ballast  bed  and  hence  the  overall  track  performance. 

Fines,  if  plastic  when  wet,  tend  to  create  problems  of  drainage,  pumping  joints, 
and  the  reduction  of  particle  interlocking.  On  drying,  these  fines  ma>'  cement  the 
bidlast  particles  together  forming  a  hard  spot.  This  hard  spot  is  unable  to  absorb 
the  wheel-rail  impact  forces  due  to  wheel  flats,  rail  joint  irregularities  and  otlier 
factors.  This  results  in  a  detrimental  flow  of  the  rail  along  with  crushing  of  die 
underlying   railway   ties   and   grinding  of   the   ballast  over  a  larger   length  of  track. 

Changes  in  gradation  can  cause,  in  the  absence  of  harmful  fines,  a  variation 
in  the  stability  through  a  reduction  in  particle  interlock,  and  track  level  faults 
resulting  from  differential  settlements.  On  the  other  hand,  stability  may  be  improved 
in  situ  by  smaller  fragments  filhng  the  space  betsveen  the  aggregate  structure  tlius 
forming  additional  points  of  contact  within  the  structure.  However,  the  instability 
associated  with  the  particle  breakdowTi  would  probably  outweigh  such  gains  in 
stability  since  degradation  is  indicative  of  a  soft  mineral  or  weak  aggregate. 
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A  comparison  of  the  percentage  increases  in  A  given  in  table  3  clearly  indicates 
that  the  larger  sized  ballast  grading  experiences  considerably  greater  grading  break- 
down than  smaller  sized  ballast.  The  broadly  graded  ballast  with  a  mixture  of  sizes 
lies  between  these  limits,  but  is  considerably  closer  to  the  smaller  particle  sized 
results  than  to  the  larger  particle  sized  ballast  results.  It  will  also  be  noted  that  the 
change  in  A  for  the  large  uniform  grading  correlates  best  with  the  Los  Angeles 
abrasion  test  which  would  indicate  that  considerable  splitting  of  particles  occurred 
due  to  the  smaller  number  of  points  of  interparticle  contact  and  thus  the  higher 
interparticle  contact  stresses.  On  the  other  hand,  the  small  imiformly  graded  sample 
had  changes  in  A  which  were  more  consistent  with  the  production  of  fines.  This 
is  due  to  the  lower  interparticle  point  contacts  and  thus  less  likely  chance  of  particle 
sphtting.  As  may  be  expected  from  such  a  phenomenon  the  change  in  A  for  the 
small  uniformly  graded  sample  correlates  best  with  the  Mill  abrasion  test.  The 
broadly  graded  sample  has  results  closer  to,  although  it  does  not  perform  as  well  as, 
the  small  uniformly  graded  sample  than  the  large  uniformly  graded  sample.  In  addi- 
tion the  correlation  of  change  in  A  is  better  for  the  Mill  abrasion  test  than  the 
Los  Angeles  abrasion,  but  clearly  both  hardness  and  toughness  are  influencing  fac- 
tors in  the  change  in  A. 

A  comparison  of  the  percentage  of  fines  generated  during  the  testing  as  given 
in  table  3  as  the  percent  passing  the  1.2  mm  (No.  16)  sieve  indicates  that  the  large 
uniformly  graded  sample  produced  the  least  amount  of  fines  followed  by  the  small 
uniformly  graded  sample  and  then  the  broadly  graded  sample.  This  is  clearly  a 
disadvantage  in  terms  of  the  broader  graded  sample  and  must  be  traded  off  against 
the  decreased  plastic  deformations  and  increased  strength.  In  comparing  the  quan- 
tity of  fines  generated  for  any  given  grading  it  is  apparent  that  a  more  significant 
correlation  exists  between  hardness  as  measured  by  the  Mill  abrasion  than  toughness 
measured  by  the  Los  Angeles  abrasion  test. 

In  stunmary  the  test  results  clearly  show  that  for  tlie  uniformly  graded  ballast 
samples  the  large  particle  ballasts  produce  a  smaller  quantity  of  fines  in  the  short 
term  (due  to  the  smaller  number  of  interparticle  contacts),  but  that  the  incidence 
of  particle  fracturing  (as  demonstrated  by  the  increase  in  A)  is  much  higher,  result- 
ing in  a  greater  degree  of  settlement.  The  high  contact  stresses  at  tlie  (re]ati\"el>) 
smaller  niunber  of  interparticle  contacts  where  abrasion  would  ordinaril>'  occiu- 
make  hardness  a  more  significant  factor  than  toughness  in  reducing  the  evolution  of 
fine  material.  Toughness  however  controls  particle  splitting  making  both  hardness 
and  toughness  desirable  properties.  Broader  graded  aggregates  are  better  than  large 
imiform  graded  ballasts  in  controlling  particle  fracture  but  result  in  a  larger  genera- 
tion of  fines,  however,  tliis  latter  disadvantage  must  be  traded  off  against  the  decrease 
in  plastic  settlements  and  increased  strength. 

Intrusion  Tests 

One  of  the  arguments  often  presented  in  support  of  large  particle  sized  bidlast 
of  miiform  gradings  is  that  die  larger  voids  pennit  the  flushing  of  fine  particles 
downwards  into  the  subballast  and  subgrade.  However,  large  voids  can  also  encour- 
age the  upward  migration  of  subgrade  and  subballast  fines  with  a  noncommittent 
increase  in  ballast  fouling,  as  well  as  increasing  the  rate  at  which  windblown  debris 
and  spillage  from  rail  traffic  (such  as  coal,  grain,  sand  and  the  like)  ciui  foul  the 
ballast. 
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In  order  to  test  the  effect  of  gradinK  on  permitting  or  preventing  intrusion  of 
subgrade  material  the  equipment  illustrated  in  fig.  3  \va.s  assembled.  Typical  results 
obtained  from  this  test  are  shown  in  fig.  7.  It  is  clear  that  the  greatest  intrusion  is 
recorded  by  the  large  uniformly  graded  ballast  followed  by  the  broadly  graded  and 
then  the  small  uniformly  graded  ballast.  This  means  that  the  ballast  with  the  largest 
void  channels  is  also  the  most  likely  to  foul  from  subgrade  penetration.  Clearly  a 
large  \oid  channel  has  a  beneficial  effect  of  high  permeability  but  the  disadvantage 
of  permitting  particle  intrusion.  A  compromise  is  achieved  from  using  a  broadly 
graded  aggregate. 

Practical  Considerations 

Since  railways  worldwide  tend  to  vise  uniformly  graded  material,  a  common 
reaction  to  the  suggestion  of  broader  grading  is  that  there  is  no  in-track  evidence 
that  a  broader  grading  would  give  better  results,  particularly  when  subjected  to 
traffic  vibrations.  However,  both  major  Canadian  railways  have  purchased  noranda 
and  sudbury  slags  (which  are  sulphide  slags)  direct  from  the  crushing  contractors. 
These  materials  are  currently  considered  to  be  superior  to  any  other  ballasts  in  use 
on  these  two  railroads.  The  crushing  contractor  does  not  grade  the  material  and 
the  railways  have  accepted  the  material  "as  crushed."  It  was  possible  to  sample, 
from  four  locations,  stockpiled  material  ready  for  supply.  The  results  are  shown 
in  fig.  8  and  compare  favorably  with  in-track  gradings  for  noranda  and  sudbury 
slags  reported  by  Dalton  (1973).  It  may  be  seen  that  the  sudbury  slag  as  placed 
in-track,  is  exceedingly  broadly  graded. 

Where  it  is  desired  to  minimize  crushing  and  grading  costs,  the  use  of  larger 
sizes  and  accepting  materials  as  crushed  would  be  reasonable  on  the  basis  of  the 
performance  of  sudbur>'  slag  and  the  gradings  shown  in  fig.  8.  However,  it  should 
be  noted  that  the  minus  0.42  mm  (No.  40)  sieve  material  from  both  the  noranda 
and  sudbury  slags  is  highly  permeable — over  100  times  more  permeable  than 
coteau  dolomite  or  grenville  marble  minus  0.42  mm  (\o.  40)  sieve  material. 
This  suggests  that  "as  crushed"  materials  may  be  accepted  as  a  means  of  sa\ing 
capital  expenditures,  provided  impermeable  fine  particles  are  removed.  Practical 
considerations  suggest  the  removal  of  all  minus  4.76  mm  ( No.  4 )  sieve  material. 
Oversized  material   should  also  be  removed. 

Two  railways  are  presently  experimenting  with  broader  gradings  based  on 
the  work  reported  here" — the  Chicago  and  Northwestern,  under  the  direction  of 
Mr.  R.  Bailey,  and  B.C.  Rail  vmder  Mr.  A.  Tuningly.  Both  railroads  note  a  decrease 
in  the  initial  capital  cost  of  ballast  with  the  broader  grading  (about  30?  by 
weight  or  10  to  15?  per  linear  foot  due  to  the  higher  compacted  density  achic\- 
able),  and  an  increase  in  the  strength  of  the  ballast,  as  evidenced  by  the  need  to 
use  more  powerful  lining  equipment.  This  initial  satisfactory  performance  has 
prompted  B.C.  Rail  to  approve  the  broader  grading  for  trial  use  in  a  12°  curve 
combined  with  a  2.2?  grade.  The  grading  B.C.  Rail  adopted  for  trial  purposes 
and  the  "as  supplied"  grading  are  shown  in  fig.  9.  The  grading  used  by  the 
Chicago  and  Northwestern  is  similar,  but  has  a  %-\n.  (9  mm)  sieve  at  the  lower 
limit. 


"  This  material   was   presented   in   a   less  complete  form   as  part  of  the  CIGCT   "Short   Course 
on  Track,"   held   Februarv-    1977   from  which  the  in-track  work  was  generated. 
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Recommended  Grading  Specification 

It  is  apparent  that  there  is  evidence  to  support  the  contention  that  broader 
graded  ballasts  do  perform  satisfactorily  in  North  American  track.  Indeed,  the 
two  ballasts  extensively  placed  in  track  with  broad  gradings  have  been  classified 
by  both  major  Canadian  railroads  as  being  superior  ballasts.  Further,  the  use  of 
a  broader  grading  should  offer  significant  advantages  in  terms  of  resistance  to 
plasMc  defomiation,  which  controls  problems  such  as  rail  twLst,  and  compacted 
strength,  which  aids  in  improving  the  lateral  stability  of  the  track  structure,  and 
hence  its  ability  to  resist  sun  kinking  and  retain  gauge  under  difficult  load  environ- 
ments. The  use  of  a  broader-graded  ballast  also  reduces  fouling,  either  from  the 
underlying  subballast  or  subgrade  or  by  transported  materials,  since  the  broad 
grading  is  more  compatible  with  the  grading  requirements  for  a  subgrade  filter. 
Grading  breakdown   is   reduced   for  ballasts  of  similar  top   size. 

The  deformation  and  strength  improvements  become  more  pronounced  with 
increasing  ballast  quality,  as  measured  by  the  MA  hardness  and  the  L.AA  tough- 
ness tests. 

Like  a  number  of  North  American  railroads,  Canadian  National  Railways 
( CN )  uses  an  AREA  No.  5  or  modified  AREA  No.  5  ballast  grading  for  mainline 
applications.  CN  uses  70-90f  passing  ( AREA  No.  5,  90-100? )  the  25  mm  ( 1  inch ) 
sieve  down  to  0-5f  passing  the  4.76  mm  (U.S.  No.  4)  sieve.  The  present  work 
clearly  indicates  the  value  of  a  broader  grading.  Since  many  railroad  personnel 
regard  particles  smaller  than  the  4.76  mm  (U.S.  No.  4)  sieve  as  undesirable  fines, 
the  only  realistic  method  of  obtaining  a  broader  grading  for  those  railroads  using 
an  AREA   No.  5  grading  is  the  addition  of  larger  particles. 

Other  railroads  prefer  larger  size  ballast.  For  example,  the  Northeast  Corridor 
Improxement  is  being  undertaken  with  new  ballast  having  the  largest  AREA  top 
size.  This  ballast  is  graded  to  AREA  No.  24.  While  larger  sizes  are  sometimes 
used  in  Europe,  this  has  the  largest  top  size  normally  used  in  North  America, 
and  has  a  bottom  size  of  19  mm  {%  in.).  Surprisingly,  this  ballast  is  much  broader 
graded  than  either  the  AREA  No.  3,  4  or  5  grading.  In  order  to  have  a  broader 
grading  than  AREA  No.  24  and  maintain  the  same  maximum  top  size,  it  is  neces- 
sary  to   add   smaller   size   particles   to   the   AREA   No.    24   grading. 

Fig.  10  shows  the  existing  CN  grading,  the  AREA  No.  24  grading,  and  the 
grading  recommended  for  mainline  track  on  the  basis  of  the  work  reported  herein. 
While  the  recommended  grading  is  expected  to  provide  superior  in-track  perform- 
ance, it  is  recognized  that  other  factors  such  as  haul  distance  and  the  availability 
of  both  materials  and  crushing  equipment  often  influence  the  selection  of  both 
the  ballast  material  and   the  grading. 

For  example,  if  the  ballast  is  considered  an  asset,  even  if  fouled,  bidlast 
undercutting  cleaning  ( BUG )  is  often  economical.  Cleaning  sieves,  in  the  range 
between  12  mm  ( M  in. )  and  25  mm  (1  in. )  are  commonly  used.  Under  such 
conditions,  which  prevail  for  much  of  the  track  being  upgraded  as  part  of  the 
Northeast  Corridor  Impro\ement  Program,  the  retention  of  particles  less  than  the 
cleaning  sieve  size  used  appears  impractical,  so  that  the  selection  of  a  less  broad 
grading — AREA  No.  24  in  the  case  of  die  Northeast  Corridor  Impro\ement  Pro- 
gram where  a   19  mm   {%  in.)   sieve  is  in  use — becomes  appropriate. 

Thus,  based  on  any  practical  constraints,  when  dealing  with  ballast  material 
for  mainline  track  it  is  recommended  that  the  grading  curve  should  be  as  broad 
as  possible  and,  in  all  events,  within  the  limits  shown  in  fig.  10.  It  is  also  apparent 
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from  the  work  that  there  is  a  trade-off  between  hardness  and  toughness  in  assess- 
ing a  ballast  load  ranking.  As  an  initial  starting  point  for  further  refinement  as 
field  data  may  become  available  a  functional  trade-off  diagram  is  given  in  fig.   11. 
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Presentation  of  Plaque  to  William  W.   Hay 

President  Autrey:  I  have  a  very  pleasant  duty  to  perform  this  afternoon — 
tlie  presentation  of  a  special  plaque  to  a  special  man  in  AREA.  I'm  talking  about  a 
man  I  had  the  honor  of  beinj?  taught  by  when  I  was  an  aspiring  railroiid  student  at 
the  University  of  Illinois.  Literally  hundreds  of  past  and  present  AREA  members 
were  taught  railroad  skills  by  him.  Nearly  everyone  here  is  familiar  with  whom  I 
am  speaking — WILLIAM  W.  HAY — Professor  Emeritus  of  the  University  of  Illinois. 

Bill  Hay  was  born  in  Bay  City,  Michigan.  He  holds  a  Bachelor  of  Scienc-e  and 
a  Management  Engineering  degree  from  the  Carnegie  Institute  of  Technolog>',  ;i"d 
an  M.S.  and  Ph.D.  both  in  Civil  Engineering  from  the  Unixersity  of  Illinois. 

His  railroad  career  started  with  the  Pennsylvania  Railroad  as  an  Engineering 
Assistant.  He  also  worked  for  the  Long  Island  Railroad,  Milwaukee  Road,  Reading 
Railroad,  Alaska  Railroad  and  the  New  York  Independent  Subway  System.  During 
World  War  II  he  ser\ed  with  tlie  Military  Railway  Service  in  Europe,  and  later 
acted  as  Chief  Engineer  of  the  Korean  Railways  and  of  the  Transportation  Bureau 
for  the  U.  S.  Militar>'  Government  in  Korea. 

Bill  Hay  joined  AREA  in  1940,  at  that  time  an  instrumentman  for  the  Mil- 
waukee Road.  In  the  years  following,  he  has  been  an  active  member  of  Committees 
14,  16,  22  and  24.  His  participation  on  Committee  16  is  noteworthy  iii  that  last  year 
he  was  made  a  Member  Emeritus  of  that  committee.  Besides  his  many  years  at  tiie 
University,  Bill  has  authored  tsvo  books  dealing  with  transportation  and  railroading. 
His  book  on  Railroad  Engineering,  autliored  in  1953,  is  still  the  gospel  for  students 
learning  the  profession.  Now  retired,  he  found  time  to  update  his  Transportation 
Engineering  Book. 

Bill,  will  you  please  join  me  at  the  podium.  It  gives  me  great  personal  pleasure 
to  present  this  plaque  to  you.  It  reads  as  follows: 

"Honorary  Membership  has  been  conferred  on  William  W.  Hay  by  the  American 
Railway  Engineering  Association  this  twenty-eighth  day  of  March  1979,  in 
recognition  of  his  able  and  stimulating  leadership  in  the  Association  and  his 
outstanding  service  to  the  railway  industry,  the  engineering  profession  and  his 
country." 

Professor  Hay  joined  president  Autrey  at  the  podium.  He  receixed  his  plaque 
and  gave  a  short  speech,  in  which  he  commented  on  his  long  association  with  the 
Maintenance  of  Way  departments  of  the  various  railroads. 
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Luncheon  Address 
by  D.  G.   Ruegg* 

Members  of  the  American  Railway  Engineering  Association,  the  Railway  Engi- 
neering Maintenance  SuppHers  Association,  the  Association  of  American  Railroads, 
guests,   ladies   and   gentlemen. 

I  can  tell  you  right  now  that's  probably  the  longest  opening  line  I  ever  ga\e 
to  a  speech.  But  I  want  to  assure  you  that  it's  not  indicative  of  the  length  of  the 
speech  I  have  in  mind. 

I  am  pleased  to  have  the  opportunity  to  talk  to  you  today  for  several  reasons. 

First,  we're  proud  at  Santa  Fe  that  Bill  Autrey  was  selected  by  you  to  ser\e 
as  president  of  AREA  last  year.  All  of  you  know  that  Bill  is  our  Chief  Engineer.  I 
think  the  fact  that  he  has,  over  the  yeras,  always  devoted  a  lot  of  time  to  this  or- 
ganization, and  during  tiiis  past  year  to  his  duties  as  president,  is  evidence  of  our 
opinion  of  tlie  merit  and  value  of  AREA. 

I  can  give  you  more  evidence.  We  have  had  11  chief  engineers  in  our  111  years 
of  existence  at  Santa  Fe.  Eight  of  them  held  that  position  since  AREA  was  organized 
in  1899,  and  of  those  eight  seven  have  served  as  president  of  .\REA.  Beyond  that. 
167  of  our  people  are  currently  AREA  members.  So  I  think  history  and  current 
statistics  show  pretty  well  that  we  truly  support  and  believe  in  what  you  are  trving 
to    do. 

My  second  reason  for  being  pleased  to  talk  to  you  today  is  because  of  m\ 
personal  relationship  with  Bill  Autrey.  I  ha\e  known  him  for  many  years,  and 
have  watched  his  professional  growth  with  each  new  assignment.  Since  he  was  bom 
near  Jonesboro,  Arkansas,  it  didn't  seem  too  likely  that  we'd  get  him  at  Santa  Fe, 
but  I  think  it's  a  credit  to  his  ability  that  he  escaped  the  Mop,  Frisco,  and  Cotton 
Belt  down  there  to  find  his  way  to  us.  You  had  to  wonder  about  his  early  career 
judgment,  though,  for  one  of  his  first  jobs  was  with  a  survey  party  working  on  the 
Jonesboro  Airport.  Eventually  sound  reasoning  took  over,  and  he  turned  from  airlines 
to  the  railroads,  although  he  did  go  on  to  become  a  licensed  pilot  after  joining 
Santa  Fe. 

Another  thing  about  Bill's  history  that  confuses  me  is  that  he  seemed  to  ha\e 
trouble  finding  a  college  diat  would  give  him  a  degree.  He  attended  Dennison, 
Swarthmore  and  Princeton  before  he  found  his  stride  at  the  L'ni\crsit\  of  Illinois 
where  he  graduated  with  honors  in  civil  engineering.  Apparent!}  that  knowledge 
didn't  stick  too  well,  though,  because  he  had  to  return  to  the  l'ni\ersit\  of  Southern 
California,   Stanford,   and  M.I.T.  for  even  more  education. 

In  addition  to  being  in  and  out  of  nearly  every  college,  Bill  has  been  in  and 
out  of  a  lot  of  countries.  Now  when  you're  bom  in  Craighead  Count>,  .Arkansas, 
a  trip  to  Little  Rock  is  looked  upon  as  a  travel  experience.  But  Bill  has  visited  rail- 
roads in  England,  France,  Genuan\,  Russia,  Japan  and  -Australia.  He  was  le;irning, 
but  he  was  also  spreading  the  knowledge  he  had  gained  frt)m  being  a  sur\eyor, 
roadmaster,  division  engineer,  district  engineer,  advisor  to  Ronnie  Reagan,  guest 
lectiuer,  chief  engineer,  president  of  the  Roadmasters,  and  so  on.  I  think  he's  come 
a  long  wa\'. 
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While  we've  tiiken  tlie  boy  out  of  the  country  quite  a  few  times,  the  country 
is  still  not  out  of  tlie  l)oy.  Bill  Autrey  is  the  same  nice  guy  today  he  was  in  1947 
when  he  started  on  tlie  Santa  Fe,  and  we're  proud  of  him. 

My  third  reason  for  being  happy  to  be  here  today  is  the  AREA  itself.  This 
organization  has  stuck  to  its  original  objectives  as  well  as  any  I  can  think  of.  Those 
objectives  are,  and  I  quote:  "The  ad\ancement  of  knowledge  pertaining  to  the 
scientific  and  economic  location,  construction,  operation,  and  maintenance  of 
railways. " 

Even  though  there  was  more  railroad  construction  under  way  when  those 
objectives  \\ere  %vritten  in  1899  than  there  is  now,  they  are  as  rele\ant  today  as  they 
were  then.  Perhaps  more  so.  The  key  words  to  me  in  that  stated  objective  are 
"scientific"  and  "economic."  While  it  has  always  been  important  that  engineering 
money  be  spent  wisely,  I  believe  you  will  agree  with  me  tliat  in  this  day  and  age, 
with  competition  nibbling  away  at  our  business  from  every  side,  and  with  inflation 
taking  its  toll,  making  sure  tliat  our  engineering  projects  are  handled  both  scien- 
tifically and  economically  has  never  been  more  important. 

Wellington  said   it  well  in  his  book;   and  I  quote: 

"It  would  be  well  if  engineering  were  less  generally  thought  of,  and  even 
defined,  as  the  art  of  constructing.  In  a  certain  important  sense  it  is  rather  the  art  of 
not  constructing,  or,  to  define  it  rudely  but  not  inaptly,  it  is  the  art  of  doing  that 
well  with  $1.00,  which  any  bungler  can  do  widi  $2.00  after  a  fashion."  Unquote. 

I  think  we  have  to  be  careful  and  read  every  word  of  what  Wellington  said, 
not  just  some  of  the  words.  Specifically  that  part  that  says  engineering  is  the  art 
of  doing  a  job  well  widi  Sl.OO.  Again  I'll  refer  to  current  conditions,  and  stress 
that  if  the  railroads  are  to  have  a  future,  and  I  firmK  beUeve  they  do,  we  can't 
just  look  at  the  dollar  signs.  We  have  to  do  the  job  well. 

In  that  connection,  I  mentioned  earlier  that  we  are  strong  backers  of  AREA 
and  cited  our  membership  to  prove  the  point.  In  fact,  that  doesn't  realK'  pro\e  the 
point  at  all.  To  support  the  objectives  of  AREA  takes  more  thtm  just  having  a  bunch 
of  people  as  members.  Real  support  for  AREA  comes  after  the  convention  is  over 
and  we  go  back  home.  Real  support  comes  when  you  and  your  managements  put 
into  practice  the  goals  and  standards  that  are  agreed  upon  within  the  organization. 

It's  popular  today  to  point  a  finger  at  some  of  tlie  railroads  in  financial  trouble 
and  say  that  their  inattention  to  maintenance  is  what  caused  their  problems,  or  at 
least  had  a  major  role  in  it.  That  may  or  may  not  be  true  in  certain  cases,  but  the 
point  I  want  to  make  is  that  maintenance  mistakes  are  also  made  on  those  railroads 
generalK  thought  of  as  profitable,  up-to-date,  with  excellent  maintenance  programs. 
It's  grossh  unfair  for  those  of  us  from  pr()fitai)le  roads  to  be  critical  of  our  less 
fortunate  brothers  unless  wt-  ha\e  a  spotless  record  of  always  making  the  right 
engineering  decisions  on  our  own  property.  I  don't  think  man\  of  us  can  boast  of 
such  a  rec-ord. 

I'll  be  specific  about  a  mistake  we  made  on  my  own  railroad.  Some  years  ago 
a  decision  was  made  to  use  an  inferior  type  ballast  on  our  main  line.  While  I  didn't 
participate  in  that  decision,  I'm  quite  sure  the  decision  was  made  because  that  type 
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of  ballast  was  cheaper.  But  was  it  really  cheaper?  Our  people  in  those  days  were 
also  trying  to  spend  $1.00  instead  of  two,  but  they  neglected  to  remember  that  this 
is  a  good  idea  only  if  you  can  do  the  job  well  at  that  price.  That  decision  has 
caused  us  to  spend  many  unnecessary  dollars  in  excessive  maintenance  expenditures 
over  the  years.  We've  made  that  mistake  because  we  didn't  follow  existing  AREA 
recommendations.  We  didn't  use  the  knowledge  that  was  readily  available  to  us. 
We  just  looked  at  the  dollar  sign  next  to  the  cost  of  the  original  installations — and 
that's  not  enough. 

That  kind  of  thinking  is  still  going  on  in  the  railroad  industry  today,  and  one 
message  I'd  like  to  deliver  to  you  loud  and  clear  is  that  we — all  of  us — must  stop 
making  judgments  while  looking  at  only  one  factor.  Engineering  and  economic-s 
must  be  married.  And  the  good  way  to  make  any  marriage  last  is  to  make  decisions 
that  make  sense  to  both  partners,  not  just  one. 

I'll  give  you  another  example,  and  one  that  ever>one  here  is  familiar  with. 
That  example  is  wheel  loadings.  AREA  has  made  excellent  studies  and  advanced  the 
knowledge  of  what  high  loadings  do  to  rail  and  track  structure.  Based  on  that  knowl- 
edge, certain  limits  have  been  recommended.  Everyone  invohed  in  railroad  operations 
at  a  management  le\el  knows  about  those  recommendations.  But  what  do  we  do? 
Too   often  we  exceed  those  specifications,  knowingly  and  deliberately. 

Why  do  we  ignore  these  recommendations,  based  on  scientific  evidence?  It's 
very  simple.  We  tend  to  get  a  glaze  in  our  eyes  when  we  look  at  the  improved 
How-through  from  a  higher  payload  in  each  car,  and  we  blind  ourselves  to  what 
that  practice  does  to  our  track  and  roadbed  and  the  extra  costs  we  are  building  up 
there.  We  seemed  to  be  resisting  the  heavier  loadings  quite  well  for  a  while,  but  the 
pressure  is  building  up  again.  What  will  be  our  answer?  Will  we  really  support 
AREA  and  stick  to  our  guns?  Or  will  we  do  the  expedient  thing  and  give  in  to  the 
advocates  of  greater  wheel  loads  without  off^setting  impro\ements  in  wheels,  rails, 
car  design,   ties,  etc.   Only  time  will  tell. 

It  s  easy  to  look  around  in  this  industry  and  see  this  kind  of  problem,  and  we 
have  to  ask  ourselves  why  it  has  occurred  and  is  occurring.  Why  ha\e  we  ignored 
AREA  standards  in  the  past,  and  why  are  we  still  flirting  with  the  idea?  In  m> 
previous  comments  I  have  been  critical  of  management  for  o\erruling  your  recom- 
mendations, but  I  think  in  all  reality  you  engineers  must  share  a  part  of  the  blame. 

A  part  of  the  problem  is  that  historically  engineers  ha\'e  over-designed,  and 
management  knows  that.  To  some  extent,  then,  you  are  like  the  boy  who  cried 
"wolf."  You  have  lost  a  part  of  your  credibilit>'. 

I  don't  want  you  to  get  the  impression  that  it's  m\  opinion  that  you  no  longer 
have  to  build  safet>'  factors  into  your  designs.  Far  from  it.  We  must  have  safety 
factors.  But  everybod>'  involved  in  the  decision-making  process  has  to  be  honest  and 
objective.  That  means  engineers  must  stop  putting  in  excess  safety  factors.  And  that 
means  managers  must  stop  assuming  that  engineers  ha\e  put  in  excess  safet>-  factors. 

Just  as  an  example  of  how  managers  tend  to  assmiie  engineers  are  o\erly- 
conservative,  I'll  cite  an  example  dealing  with  load  limits  in  box  cars.  A  niunber 
of  years  ago,  in  response  to  continuing  pressure  from  managers  and  marketing 
people,  the  AAR  changed  the  specs  and  increased  the  load  Umit  in  a  particular  type 
car  by  S%.  In  a  ver>-  short  time  the  same  people  who  were  pushing  for  the  pre\ious 
increase  were  back  looking  for  more.  They  had  assumed  that  if  the  mechanical 
engineers  were  willing  to  allow  a  5%  increase,  that  was  still  conser\ati\e,  and  the  cars 
could  really  accommodate  more. 
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I  think  everybody  recognizes  that  there  is  a  straw  that  breaks  the  camel's  back. 
The  problem  is  that  nobody  can  identify  just  exactly  when  that  ix)int  will  be 
reached.  That's  no  reflection  on  your  profession — it's  just  true  that  this  point  of  no 
return  can't  be  figured  that  accurately. 

It's  very  important,  though,  that  engineers  have  confidence  in  the  standards 
developed  by  AREA,  and  that  they  be  willing  to  stand  up  and  defend  them  when 
the  situation  arises. 

I'd  like  to  tell  you  anotlier  true  story  about  a  district  on  a  railroad  that  shall 
go  unidentified.  This  particular  district  had  historically  been  a  lightly  used  branch 
line.  It  has  a  niunber  of  bridges  on  it  which  were  properly  designed  for  the  traffic 
they  were  meant  to  carry,  and  tliey  had  a  full  safety  factor  built  in. 

But  as  time  went  on  the  railroad  started  to  nibble  away  at  those  safety  faxjtors. 
Instead  of  40-ft  box  cars,  100-ton  covered  hoppers  filled  with  grain  started  to  move 
over  the  district.  The  di\-ision  engineer  started  to  ha\e  concerns  about  the  bridges, 
and  he  voiced  those  concerns.  A  little  later  management  nibbled  away  a  little  more, 
when  new  ties  and  rail  were  installed,  the  lines  resurfaced  and  speed  hmits  increased. 
This  time  a  new  district  engineer  voiced  concern  that  the  bridges  were  getting  into 
the  gray  area  on  safety  factors.  But  tliat's  all  he  did — indicate  he  was  getting 
worried  about  the  situation.  Then  one  day  the  inevitable  happened.  The  combination 
of  heavier  cars  and  higher  speeds  was  more  than  the  bridges  could  take  and  one 
collapsed,  sending  a  string  of  100-ton  covered  hoppers  into  the  ditch. 

Now,  who  was  at  fault  here?  Personally,  I  think  there  was  enough  fault  to  go 
around  to  everybody  involved.  Management  must  bear  some  of  the  blame  because 
they  ignored  the  warnings  they  were  getting  from  the  engineer.  They  apparently 
didn't  have  enough  confidence  in  him.  But  I  think  the  engineer  failed  in  his  duty, 
too.  When  he  felt  die  situation  was  approaching  the  danger  le\'el,  he  should  have 
done  more  than  just  voice  concern.  If  he  v\'asn't  sure  enough  of  his  engineering 
facts  to  put  out  an  immediate  slow  order  he  shovdd  have  called  for  experts  to  come 
out  and  do  a  more  detailed  study  on  the  structures  and  the  stresses  they  were 
being  subjected  to.  If  that  study  had  confirmed  his  suspicions — and  obviously  it 
would  have — he  could  ha\e  issued  a  slow  order  and  had  sufficient  facts  to  convince 
management  that  repairs  were  in  order.  While  slow  orders  aren't  popular  with 
management,  derailments  are  even  less  popular. 

The  first  point  I'd  like  to  make  with  this  story  is  that  engineers,  first  of  all, 
must  have  enough  confidence  in  AREA  standards  to  stand  up  for  them  and  defend 
them  to  management.  The  second  point  is  that  management  must  have  enough 
confidence  in  those  standards  and  in  their  engineers  to  stop  chipping  away  at  them. 
There's  absolutely  no  point  in  going  through  a  series  of  tests  and  studies  to  deter- 
mine scientifically  what  is  and  what  is  not  safe  from  an  engineering  point  of  view, 
and  then  ignoring  the  results  of  those  studies.  There  are  too  many  examples  on  too 
many  railroads  where  this  has  occurred  and  is  occuring,  and  we  simply  can't  afford 
to  make  this  kind  of  mistake  any  longer. 

Then  again,  we  can't  look  at  each  individual  situation  in  a  vacuum.  The  simple 
truth  is  that  we  only  have  so  many  dollars  to  spend.  We  don't  live  in  an  ideal  world 
where  we  get  everything  we  want.  We  have  to  understand  the  safety  factor  and 
weigh  it  against  the  cost  of  a  shorter  life.  We  have  to  constantly  ask  ourselves  tlie 
question,  "How  much  of  a  safety  factor  should  I  build  into  thLs  structure  or  facility? 
Is  it  better  to  increase  the  safety  factor  at  this  point,  and  provide  less  of  a  safety 
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factor  at  another  ix)int?  Somtiines  it  might  be  better  in  the  long  run  to  run  the  risk 
of  having  to  change  out  the  rail  two  years  earlier  than  normal  in  a  particular  loca- 
tion. Or  maybe  it  isn't.  We  have  to  make  tliose  decisions  now,  based  on  all  the 
engineering  and  economic  factors  at  our  disposal. 

In  summation,  then,  there  are  several  things  I'd  like  to  recommend.  To  you 
members  of  AREA,  go  right  on  with  your  studies  of  railway  engineering  problems, 
and  continue  to  issue  your  standards.  Just  be  certain  diat  those  standards  are  realistic 
and  safe  in  the  light  of  current  railroad  economics,  as  well  as  current  engineering. 

To  those  members  of  management  here  today,  I'd  like  to  suggest  that  you  set 
aside  the  beliefs  you  grew  up  with  on  your  railroad,  and  come  to  a  firm  understanding 
with  your  engineers  about  the  safety  factors  diey  are  currently  building  into  their 
projects.   Rekindle  that  bond  of  trust  that's  so  important  in  any  walk  of  life. 

We  may  not  always  be  able  to  meet  all  the  AREA  standards.  But  they  are  always 
a  goal— A  DESIRABLE  GOAL— THAT  WE  SHOULD  BE  STRR'IXG  TOWARD. 
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Installation  of  Officers 

President  Autrey:  There  is  only  one  feature  remaining  on  the  program  of 
the  1979  meetings.  However,  before  proceeding  with  this  feature  I  would  like  to 
install  the  newly  elected  officers  at  this  time.  This  is  a  short  but  important  and  im- 
pressive ceremony  and  will  let  each  of  you  become  more  acquainted  with  tlie  officers 
you  have  elected. 

Before  doing  so,  however,  I  want  to  take  tliis  opportunity  to  thank  all  who 
contributed  to  the  work  of  our  Association  during  the  past  year  and  to  the  success 
of  this  Conference.  The  AREA  has  had  a  successful  and  productive  year  in  spite 
of  difficult  conditions.  This  has  happened  because  so  many  of  you  gave  so  generously 
of  your  time  and  effort,  which  I  assure  you  has  been  greatly  appreciated. 

There  are  so  many  to  whom  I  personally  am  indebted  tliat  I  cannot  possibly 
niune  them  all  here,  but  I  do  want  to  express  my  personal  appreciation  for  the 
splendid  cooperation  of  our  officers  and  directors,  our  cormnittee  chainnen  and  the 
active  committee  members,  and  all  others  who  contributed  in  any  way  to  the  success 
of  the  1978-1979  Association  year.  I  also  want  to  extend  our  thanks  to  those  persons 
both  inside  ;ind  outside  the  AREA  and  AAR  who  prepared  and  delivered  the  out- 
standing and  timely  features  at  this  Conference. 

I  especially  want  to  express  my  sincere  appreciation,  and  the  appreciation  of 
tlie  Association,  to  our  headquarters  staff  for  the  manner  in  which  they  have  con- 
ducted the  affairs  of  the  AREA  during  the  past  year.  Their  attention  to  the 
multitude  of  details  in  the  planning  and  execution  of  the  many  Association  activities 
and  programs,  and  their  efforts  in  connection  widi  tlie  important,  world-wide-used 
AREA  publications,  many  times  mider  most  difficult  circumstances,  has  been  in- 
valuable to  the  Association,  the  Board  of  Direction,  and  to  me.  They  deserve  the 
maximum  extent  of  our  support,  patience  and  understanding. 

The  Conference  Operating  Committee,  imder  the  direction  of  its  manager,  Vic 
Hall,  Santa  Fe,  did  its  usual  outstanding  job  in  connection  with  operating  this 
Conference  in  accordance  with  the  plans  and  arrangements  made  by  tlie  Associa- 
tion's staff.  These  well-planned  and  well-operated  Conferences  do  not  just  happen. 
Other  than  our  past  presidents,  few  members  are  in  a  position  to  know  the  multitude 
of  details  handled  by  the  staff  and  the  operating  committee  relati\e  to  our  Con- 
ference and  how  easily  things  could  go  awry  if  it  were  not  for  tlieir  diligence  and 
dedication. 

I  join  Mrs.  Autrey  in  thanking  all  of  those  ladies  who,  witli  Mrs.  Rougas  and 
Mrs.  Hodgkins,  gave  so  generously  of  their  time  in  assisting  witli  the  functions  of 
our  Conference  planned  expressly  for  our  wives.  You  ha\'e  our  grateful  appreciation. 

( Applause ) 

President  Autrey,  (  continuing  ) :  To  make  room  for  new  officers  and  direc- 
tors a  certain  number  of  them  complete  their  service  on  the  Board  of  Direction 
each   year. 

I  want  to  thank  each  member  of  the  board  for  his  counsel,  advice  and  support, 
and  especially  those  members  who,  having  completed  their  term  of  office,  are 
retiring  from  the  governing  body  of  the  Association.  The  close  of  tliis  technical 
conference  completes  the  services  on  the  board  of  Past  President  John  F"ox,  Chief 
Engineer,  Canadiim  Pacific.  The  AREA  Constitution  pro\ides  that  past  presidents 
will  remain  on  the  board  for  two  years  after  completion  of  their  term  as  president. 
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We  are  deeply  indebted  to  Mr.  Fox  for  his  long  and  outstanding  service  to  our 
Association — both  in  an  official  and  an  unofficial  capacit\' — and,  although  he  will 
be  ofF  the  board,  I  am  sure  he  still  will  be  called  upon  for  counsel  and  advice  as 
important   matters   come   up. 

( Applause ) 

PREsroENT  AuTREY,  (CONTINUING):  Other  members  of  the  AREA  Board  of 
Direction   completing   their   term   of  ser\'ice   are  these  directors: 

J.   W.   Brent,   Chief  Engineer,  Chessie  System 

L.  F.  Currier,  Engineer — Structures,  Louisville  and  Nashville  Railroad 
T.   L.   Fuller,   Engineer  of   Bridges,   Southern  Pacific  Transportation  Company 
J.    A.    Barnes,    Assistant    \'ice    President    and    Chief    Engineer,    Chicago    and    Xorth 
Western  Transportation  Company 

These  men  have  serv'ed  our  Association  well  in  their  oflBcial  capacit>-  on  the 
board  and  I  want  to  express  our  deep  appreciation  to  each  of  them. 

Will  Messrs,  Brent,  Currier,  Fuller  and  Barnes  please  stand  and  permit  us  to 
show  our  appreciation  for  their  service. 

( Applause ) 

President  Autrey,  (  continuing  ) :  It  is  now  my  privilege  and  pleasure  to 
install  the  new  Directors  you  have  elected  for  the  ensuing  year.  As  I  read  >our 
name,  please  come  to  tlie  Speaker's  Table  and  take  a  place  at  my  right. 

(President  Autrey  shakes  the  hand  of  each  new  Director  as  he  ascends  to  the 
Speaker's  Table) 

From  the  East  District 

D.   J.    Hughes,   Vice   President,   Engineering,   Boston   6c   Maine   Corporation 

From  the  West  District 

G.  E.   Warfel,   Chief  Engineer,  St.  Louis-San  Francisco  Railway 
H.  B.  Berkshire,  Assistant  \'ice  President,  Maintenance  of  Way  and  Engineering, 
Southern  Pacific  Transportation  Company 

From  the   South  District 

A.   C.   Parker,  Jr.,   Assistant  Vice  President — Engineering,  Louisxille  and  N'ash- 
ville  Railroad 

Gentlemen,  I  welcome  you  as  Directors  of  the  American  Railwa>-  Engineering 
Association.  These  are  offices  of  high  honor  and  responsibilit>-  you  are  assuming.  I 
hope  you  will  enjoy  your  service  on  the  Board  of  Direction  and  will  bring  much 
value   to   its   deliberations.    Congratulations.   You   may   be   seated. 

Our  newly  elected  Junior  Vice  President  is  Jim  Brent.  Chief  Engineer.  Chessie 
System. 

Mr.  Brent,  will  \ou  please  come  forward? 

President  Autrey,  (  continuing  ) :  Mr.  Brent,  I  congratulate  you  upon  >  our 
election  as  Junior  \'ice  President  and  your  continuing  service  on  our  Board  of 
Direction. 

The  new  Senior  \'ice  President  is  Mike  Rougas,  Chief  Engineer,  Bessemer  and 
Lake  Erie  Railroad. 
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Mr.   Rougas,  \vill  you  please  come  to  tlie  platform? 

Mr.  Rougas,  I  congratulate  you  on  your  ad\ancenient  to  Senior  Vice  President 
and  continued  service  on  the  governing  body  of  our  Association.  I  know  that  you  v\  ill 
discharge   this   greater   responsibilit>-   with   distinction. 

You  and  Mr.  Brent  will  make  a  splendid  team  of  \  ice  prisidcnts.  Please  be 
seated. 

Before  installing  our  new  president,  who  will  then  complete  tlie  remainder  of 
this  28th  Technical  Conference  I  ask  if  tliere  is  any  unfinished  or  further  business 
to  come  before  this  meeting? 

(At  this  point.  Past  President  a.sked  for  the  pri\ilege  of  the  Hoor  and  presented 
President  Autrey  with  the  AREA  plaque) 

After  the  presentation,  President  Autrey  made   an  appropriate  response. 

Presujent  Autrey:    Is   there  any  further  business  at  this  time? 

If  not,  I  will  continue.  Our  new  president  is  L.  A.  Durham,  Jr.,  Chief  Engi- 
neer, Norfolk  and  \\'esteni  Railway.  To  accord  Mr.  Durham  proper  recognition  I 
ha\e  requested  Past  Presidents  Hedley  and  Woolford  to  escort  him  to  the  platfonn 
at   this   time. 

( President-Elect  Durham  was  escorted  to  the  platform,  and  as  he  reached  it 
President  Autrey  shook  his  hand.) 

PRESroENT  Autrey,  (continuing):  Mr.  Durham,  I  congratulate  \ou  upon  your 
election  to  the  highest  position  of  honor  in  the  American  Railway  Engineering 
Association.  I  share  the  confidence  which  has  been  placed  in  you  by  our  membership 
and  it  is  with  great  pleasure  and  satisfaction  that  I  turn  o\'er  the  responsibihty  of 
AREA  President  to  you.  I  now  proclaim  you  President  of  the  American  Railway 
Engineering  Association. 

I  share  the  confidence  which  has  been  placed  in  you  by  our  membership  and 
it  is  with  pleasure  and  satifaction  that  I  turn  o\'er  the  reponsibility  of  President  to 
you. 

In  doing  this,  I  want  to  present  you  with  this  lapel  pin  whieh  is  the  officiiU 
emblem  of  our  Association.  I  am  sure  you  will  wear  it  with  ecjual  pleasure  to  \our- 
self  and  honor   to   the   Association. 

(Past  President  Autrey  then  pimied  the  emblem  on  President  Durham  and 
retired,   while   President   Durham   assumed   the   podium.) 

( President    Durham    responded,    and    then   continued   as   f  oUow  s. ) 

President  Durham,  (continuing):  Since  we  will  adjourn  this  Conference 
after  our  final  feature  has  been  completed,  I  would  like  to  ask  at  this  time  if  there 
is  any  further  business  to  come  before  this  meeting? 

(At  this  point  in  the  program,  Norfolk  and  Western  senior  \ice  president — 
operations  R.  F.  Dunlap  interrupted  the  proceedings  and  requested  the  privilege  of 
the  floor  to  present  President  Diuham  with  a  gavel  which  had  Ix^en  prepared  for 
him  by  his  friends  and  associates  on  the  Norfolk  and  Western.) 
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President  Durham:  The  feature  just  presented  by  Mr.  Autrey  completes  the 
technical  sessions  of  our  Conference  this  year.  I  also  want  to  express  the  apprecia- 
tion of  the  officers,  directors,  staff  and  the  other  members  of  the  Association  to  our 
committee  chainnen,  subcommittee  chairmen  and  the  active  committee  members  for 
their  work  during  the  past  year,  and  for  their  published  reports  and  papers  in  the 
AREA  Bulletin. 

PpuEsroENT  Durham:  You  will  be  interested  to  know  that  the  registration  for 
the  78th  Annual  Technical  Confrence  of  the  American  Railway  Engineering  Asso- 
ciation and  the  1979  Annual  Meeting  of  the  Engineering  Division,  Association  of 
American  Railroads  is  as  follows: 

Men  999 

Ladies  125 


Total  Registration  1124 

President  Durham:  The  officers,  directors  and  staff  of  the  Association  sincerely 
hope  that  you  continue  to  like  the  new  fomiat  of  our  Annual  Technical  Conference, 
and  that  you  gained  much  from  the  information  and  knowledge  dispensed  during 
the  past  two  and  one  half  days.  We  solicit  your  comments  and  suggestions — prefer- 
ably addressed  to  Executive  Director  Cerny  at  Association  Headquarters. 

President  Durham:  Before  I  adjourn  this  Conference,  I  would  like  to  remind 
all  members  of  tlie  Board  of  Direction  and  Engineering  Division  General  Committee, 
including  the  members  just  released  and  the  members  just  installed,  and  all  the 
members  of  the  AREA  Conference  Operating  Committee,  that  we  will  have  a  joint 
luncheon  together  in  the  Wabash  Piirlor  on  the  third  floor  of  this  hotel  immediately 
following  the  adjournment  of  this  meeting. 

The  luncheon  will  be  followed  by  the  post-conference  meetings  of  the  AREA 
Board  of  Direction  and  Engineering  Division  General  Committee  in  Private  Dining 
Room  9. 

President  Durh.\m,  (  continuing  ) :  Before  closing  these  meetings  of  the  AREA 
and  Engineering  Division,  is  there  any  further  business  to  come  before  the  meetings? 

President  Durham:  If  not,  I  shall  use  this  beautiful  ga\el  which  has  been 
presented  to  me  and  declare  the  78th  Annual  Technical  Conference  of  the  Ameri- 
can Railway  Engineering  Association  and  the  1979  Annual  Meeting  of  the  Engineer- 
ing  Division,    Association   of  American   Railroads,   adjourned. 
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Remarks  by  Division  Chairman  W.  S.  Autrey* 

This  morning  I  appeared  before  you  and  as  president  of  the  .\inerican  Railway 
Engineering  Assoeiation  welcomed  you  to  the  78th  annual  technical  conference.  It 
is  now  my  pleasure  to  appear  before  you  as  chainnan  of  the  engineering  division 
and  to  welcome  you  to  the  1979  Annual  Meeting  of  the  Association  of  American 
Railroads,    Engineering    Division    of    its    Operations    and    Maintenance    Department. 

This  annual  meeting  of  the  Engineering  Division  is  a  most  important  part  of 
our  technical  conference  and  one  at  which  we  are  privileged  to  hear  from  some  of 
our  top  officers  at  AAR  as  well  as  to  hear  reports  on  some  \er>'  timely  activities  by 
staff  members  of  the  research  and  test  department,  AAR. 

As  we  begin  this  session,  we  should  review  tlie  relationship  between  the  A.A.R 
Engineering  Division  and  AREA.  The  governing  body  of  AREA  is  the  Board  of 
Direction  which  consits  of  17  members  elected  by  tlie  membership  of  the  Asso- 
ciation. The  governing  body  of  the  Engineering  Division  is  a  general  committee 
appointed  by  the  vice  president  of  the  Operations  and  Maintenance  Department 
and  consists  of  the  same  17  members  fonning  tlie  AREA  Board  of  Direction,  plus 
an  additional  group,  making  the  total  of  the  Engineering  Division  general  committee 
a  maximum  of  21.  Membership  on  the  ED  General  Committee  is  limited  to  one  from 
any  family  of  lines  making  it  necessary,  on  occasion,  to  substitute  for  one  or  more 
of  the  Board  of  Direction  thereby  distributing  the  membership  among  as  many 
member  lines   as   possible. 

AREA  is  a  technical  and  private  organization  and  while  it  has  considerable 
technical  expertise  among  its  membership  enabling  it  to  de\elop  recommended 
practices  and  further  its  objectives,  there  is  not  the  opportimity  to  adopt  actions 
which  would  be  binding  on  any  particular  carrier.  On  the  odier  hand,  the  AAR 
Engineering  Division,  through  its  general  committee,  can  make  its  recommendations 
binding  through  proper  approvals. 

The  officers  of  the  Engineering  Division  ha\'e  continued  the  practice  of  attend- 
ing the  meetings  of  the  Operating-Transportation  Committee  and  it  is  felt  tliat 
our  attendance  and  participation  as  required  is  beneficial  to  both  the  O-T  commit- 
tee and  to  the  Engineering  Division  as  we  face  problems  that  are  common  to  several 
departments  on  the  railroad.  Cooperation  and  understanding  between  all  arms  of 
AAR  is  not  only  desirable  but  necessary  if  we  are  to  continue  to  provide  better  and 
safer  railroads  on  which  to  operate. 

I  mentioned  in  my  talk  this  morning  that  we  plan  to  relocate  the  office  of  the 
AREA  executive  director  to  Washington  and  since  the  executive  director  of  tlie 
Engineering  Division  is  the  same  man,  his  office  will  also  wind  up  at  the  same 
location.  Present  plans  are  to  locate  our  office  at  AAR  headquarters  and  by  so  doing 
we  expyect  to  have  an  even  closer  and  more  effective  relation  with  the  other  groups 
than  we  have  ever  had. 

A  second  item  coxered  in  my  talk  this  morning  was  the  hearing  held  by  tlie 
Federal  Railroad  Administration  on  track  safety  standards.  Members  of  the  Engi- 
neering  Division    with    assistance   from    the    research   and   test   department   of   AAR 

'  Chief  Engineer,   Atchison,  Topeka  &  Santa  Fe  Railway. 
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spent  many  hours  preparing  for  these  hearings  and  presented  a  statement  outlining 
our  recommendations  for  improving  the  present  standards  and  making  them  more 
appropriate  to  accomplish  their  purpose  of  setting  forth  track  safety  standards.  The 
appreciation  of  the  division  is  expressed  to  all  who  helped  in  this  undertaking. 

Under  the  chairmanship  of  2nd  vice  chairman  Mike  Rougas,  the  liaison  com- 
mittee on  track  safety  standards  continues  to  work  with  FR.\  representatives  to 
improve  the  standards.  A  number  of  meetings  were  held  during  1978  and  further 
meetings  are  anticipated  throughout  1979  with  the  next  one  already  scheduled  for 
April  10.  We  welcome  the  opportunity  to  work  with  FRA  in  this  very  important 
endeavor  and  in  due  time  look  forward  to  results  that  will  be  beneficial  to  the  entire 
industry. 

Another  ad  hoc  committee  under  the  chairmanship  of  Dick  Beck,  chief  engineer 
of  the  E.  J.  &  E.  has  been  working  with  the  accounting  division  of  .\AR  and  others 
since  1977.  This  committee  is  investigating,  among  other  things,  alternative  methods 
of  accounting  for  railroad  track  structures  and  deferred  maintenance.  The  most 
recent  meeting  of  this  committee  was  held  in  Washington  on  February  27  of  this 
year. 

This  gi\es  a  very  brief  view  of  some  of  the  acti\ities  in  which  the  Engineering 
Division  is  involved.  We  know  that  much  work  yet  remains  to  be  done  on  existing 
assignments  and  that  undoubtedly  new  assignments  will  be  made  as  new  problems 
arise.  We  look  forward  to  working  on  new  assignments  and  with  the  enthusiasm 
and  dedication  shown  by  our  committee,  I  know  that  we  will  continue  to  see  progress 
and  see  solutions  to  the  complex  problems  with  which  we  are  confronted. 


Remarks  by  A.  W.  Johnston* 

It's  a  pleasure  to  be  with  you  today  and  have  my  first  opportunity — as  a  Wash- 
ingtonian  of  fully  two  months'  standing — to  welcome  you  to  Washington,  tlie  future 
home  of  the  AREA. 

I  may  not  quahfy,  yet,  as  a  native  guide.  But  I've  already  learned  where  the 
DOT,  FRA,  ICC,  EPA,  OSHA,  fuel  administration  and  congressional  hearings  rooms 
are  located,  because  I'xe  found  that's  where  the  action  is  in  regard  to  a  lot  of  my 
new  duties  and  responsibilities  here  at  the  AAR. 

That  action,  as  you  might  imagine,  is  particularly  heavy  at  tlie  present  time  as 
we  warm  up  for  the  "deregulation"  battle  that  lies  ahead,  while  continuing  tiie  usual 
day-to-day  involvement  with  the  various  agencies  mentioned  and  probably  others  I 
haven't  discovered  yet. 

Where  the  railroads  are  concerned,  it  would  be  more  accurate  to  call  the  "de- 
regulation" campaign  a  move  for  "major  regulatory  reform,"  because  that's  actually 
what  the  industry  is  looking  for.  But  like  Anlieuser-Busch  Natural  Lite,  tliat's  too 
much  of  a  mouthful.  So  the  buzzword  is  "deregulation"  and  it's  going  to  be  promi- 
nent in  the  news-from-Washington  for  montlis   to  come. 

The  "deregulation '  being  called  for,  however,  is  not  hkely  to  have  much  effect 
on  the  increased  le\'el  of  regulation  which  influenced  your  Association  to  move  its 
headquarters  to  Washington. 

That  kind  of  regulation — dealing  with  track  standards,  bridges,  inspection  pro- 
cedures, etc. — is  at  the  highest  level  in  history  and  is  not  likely  to  be  reduced  in  the 
foreseeable  future.  It  goes  with  federal  financial  aid  which  is  helping  some  of  our 
railroads  in  their  rehabilitation  effort,  and  with  increased  go\  emmental  concern  over 
safety.  This  concern  is  stimulated,  of  course,  by  accident  statistics  and  pressure  from 
organized  labor/ based  on  these  same  statistics — which  actually  give  an  erroneous 
and  misleading  picture  concerning  rail  safety. 

But  these  things  we  have  to  live  with  and  I'm  glad  to  know  that  AREA  will  be 
on  the  scene  to  help  deal  with  the  federal  involvement  in  tliese  particular  areas  in 
the  future. 

A  good  example  of  tlie  new  kinds  of  federal  involvement  we  face  today — and 
the  added  work  it  piles  upon  our  industry — is  provided  by  a  recent  call  by  the 
Environmental  Protection  Agency  for  comments  on  the  risk  exposure  to  all  major 
chemicals  and  solutions  used  in  wood  preserving — including  creosote.  The  agency 
wanted  comments  from  all  users  and  manufacturers  in  order  to  determine  if  such 
wood  preservatixes  should  l)e  banned. 

Preperation  of  our  comments  was  directed  by  George  Way  of  our  research 
and  test  department,  with  supportive  material  and  helpful  suggestions,  infonnation 
and  data  from  our  engineering  division  as  well  as  members  of  the  AAR's  medical 
section  committee  and  safety  section  steering  conunittee. 

Our  study  report  emphasized  the  importance  of  treated  ties  to  the  railroad 
industry;  the  severe  economic  hardship  on  the  railroad  industry'  if  treated  ties  had 
to  be  replaced;  the  increased  costs  to  shippers  and  consumers  that  would  result 
from  such  replacement  costs;  the  adverse  environmental  consequences,  and  the 
significant  waste  of  energy  and  natural  resources  that  \\ould  result. 


Vice    President — Operations    and    Maintenance,    Association    of    American    Railroads. 
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Viewed  in  tenns  of  available  alternatives,  the  economic,  social  and  environ- 
mental benefits  of  the  availability  and  use  of  creosote-treated  wood  products  in  the 
railroad   industry  far  outweigh  any  risks  which  have  been  identified. 

Long-term  health  information  on  railroad  employees  exposed  to  creosote  is  non- 
existent, but  recent  information  indicates  that  employee  exposure  to  creosote  is 
minimal,   and  problems  are  limited  to  minor  skin  irritations  of  a  short-term  nature. 

\o  ruling  has  been  made  on  this  yet.  But  it  can  create  havoc  in  our  industry  if 
the   decision   is   against   the   use   of  creosote-treated  ties,   as   you  can   well   imagine. 

As  federal  involvement  in  railroad  activities  increases  and  broadens  in  its  scope, 
the  need  for  increased  communication  goes  hand-in-hand,  and  we  have  to  cooper- 
ate regardless  whether  or  not  this  relationship  coincides  with  our  own  personal 
view  of  the  way  things  ought  to  be. 

If  good  communication  does  not  exist  between  the  government,  the  railway- 
engineering  profession  and  the  industry,  we  are  likely  to  see  rules  and  regulations 
created  by  government  that  are  detrimental  to  railroads  and  the  people  of  the 
country  as  well,  simply  because  the  federal  people  concerned  did  not  have  the 
benefit  of  our  input. 

With  the  shift  of  AREA's  headquarters  to  Washington,  it  is  intended  that  the 
association's  executive  director  and  the  engineering  division  of  the  AAR  will  become 
more  directly  involved  in  support  of  the  principles  of  the  railroad  engineering  pro- 
fession and  the  needs  of  American  railroading  in  relation  to  the  federal  government, 
to  tr\'  to  insure  that  any  new  regulations  are  realistic  and  will  actually  achie\e  what 
they're  supposed  to  achieve. 

The  director  also  will  be  in  a  position  to  help  pro\"ide  and  coordinate  input  so 
that  federal  research  can  be  directed  towards  areas  where  it  is  most  needed  and 
where  it  can  do  the  most  good  for  the  profession  and  the  industiy. 

Some  have  expressed  fears  that  AREA's  move  to  Washington  will  result  in  a 
diminishing  influence  for  the  association.  I  see  it  just  the  opposite  wa\'. 

The  railroad  industry  realizes  that  the  AREA  is  made  up  of  a  group  of  indi- 
viduals in\olved  in  railway  engineering,  who  recei\e  extremely  \aluable  input  from 
AREA  members  in  tlie  academic  community;  from  members  in  the  supph"  industn.-; 
from  members  in  federal  and  state  agencies,  and  from  members  on  otlier  continents, 
in  addition  to  the  input  provided  by  members  employed  on  our  North  .\merican 
railroads. 

area's  technical  committees  are  an  indispensable  source  of  e.xpertise  without 
which  the  industry  could  not  exist,  and  its  manual  for  railwa\'  engineering  and  other 
publications   are  respected  worldwide  for  their  excellence. 

The  thing  all  of  us  ha\e  in  common,  I'm  sure,  is  the  desire  for  the  continued 
advance  of  railroading.  And  I'm  confident  that  we  are  on  our  way  to  a  pericxl  of 
activity  in  this  AREA  unri\'aled  since  the  switch  from  steam  to  diesel  power  follow- 
ing World  War  II. 

Energy  problems  dictate  it.  The  political  climate  is  right  for  it.  And  we  are 
certainly  ready  for  it. 


Introduction  and  Overview  of  FAST 
by  J.   R.   Lundgren* 

Mr.  President,  AREA  Members  and  Distinguished  Guests,  it  is  indeed  an  honor 
and  a  privilege  to  ha\e  the  opportunity  of  reviewing  the  FAST  Program  with  you 
this  afternoon. 

The  Facility  for  Accelerated  Service  Testing  is  a  research  tool  which  for  the 
first  time  provides  the  U.  S.  Railroad  community  with  a  means  of  testing  track  and 
equipment  components  in  a  simulated  service  enviroinnent.  FAST  is  a  means  of 
evaluating  components  which  show  promise  in  laboratory  testing  prior  to  their 
evaluation  in  revenue  service.  This  evaluation  can  be  accomplished  rapidly  under 
tighth-controlled   test   conditions. 

FAST  has  now  been  in  successful  operation  for  thirty  months.  A  great  deal  has 
been  leivmed,  much  remains  to  be  accomplished.  FAST  continues  to  operate  in  tlie 
spirit  of  cooperation  which  enabled  a  highly  complex  research  project  to  be  ap- 
proved, funded,  assembled,  and  made  fully  operational  in  well  under  a  year. 
Enthusiastic  support  h;is  come  and  continues  to  come  from  an  industry-wide  base, 
the  railroads,  the  Railroad  Supply  Industiy,  The  Railway  Progress  Institute,  The 
Association  of  American  Railroads,  The  Federal  Railroad  Administration,  and  The 
Transportation  Development  Corporation  of  Canada.  We  believe  the  FAST  Program 
is  an  outstanding  example  of  tlie  benefits  that  can  accrue  from  effective  Govern- 
ment-Industry- cooperation. 

Before  asking  ms'  colleagues  to  report  on  s^x^cific  areas  of  track  component 
performance,  I  would  like  to  take  a  few  moments  to  describe  the  AAR  role  in  the 
Projects  Administration,  tlie  functions  of  tlie  AAR  Pueblo  Staff  and  the  Project's 
Report  Dissemination  Procedures. 

On-site  administration  of  the  project  is  in  the  hands  of  Transportation  Test 
Center  personnel  under  the  jurisdiction  of  the  FRA.  Technical  advice  and  coun- 
selling is  provided  by  the  Association  of  American  Railroads.  The  on-site  AAR  Staff 
is  assisted  bv-  AAR  Constultants,  Industry'  Representatives  and  Manufacturers'  Field 
Engineers.  In  addition,  many  railroads  have  contributed  manpower  to  provide  specific 
expertisf  in  the  areas  of  mechimical  equipment  and  track  component  evaluation  and 
maintenance  programs.  The  AAR  provides  the  primary  interface  between  the  rail- 
roads,  the   Railroad  Supply  Industry  and  tlie  FAST  Program. 

In  order  to  provide  this  essential  interaction  between  the  industry  at  large  and  a 
test  program  conducted  at  FRA  facilities,  the  AAR  recently  moved  to  assemble  a 
highly-qualified  and  experienced  staff  for  location  on-site  at  the  Transportation  Test 
Center  (See  Figure  1).  This  fourteen- member  staff  has  been  divided  into  three 
major  functional  areas  of  responsibility  assignments.  (See  Figure  2).  An  operations 
support  group  has  been  designated  to  coordinate  all  activities  associated  with  train 
operation,  track  and  vehicle  maintenance,  and  material  supply,  use  and  disposition. 
A  manager  of  FAST  Experiments  has  been  named  to  coordinate  the  work  of  the  16 
Experiment  Managers  to  insure  compatibility  between  the  various  experiment  ob- 
jectives, the  proper  submission  of  experiment  plans  and  test  documentation,  and 
the  timely  preparation  and  review  of  reports.  A  major  activity'  of  the  A.\R  Staff  is 
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the  processing,  retrieval  and  analysis  of  the  large  volume  of  test  data  generated  by 
the  program.  As  with  any  research  project,  the  handling  and  processing  of  the 
experimental  data  is  of  key  importance  to  the  preparation  of  useful  reports.  A  pic- 
torial representation  of  the  data  input  flow  is  illustrated  here,  ( See  Figure  3. ) 

A  qualified  staff  with  data  base,  engineering  programming,  statistical  and 
analytical  capabilities  has  now  been  located  at  Pueblo  to  ser\'e  these  needs.  ( See 
Figure  4).  The  Data  Management  Team  is  supported  at  Pueblo  by  remote  access 
computer  terminal  equipment  with  high-speed  data  communications  links  to  the 
AAR's  computer  center  in  Chicago.  (See  Figure  5.)  Programmer  and  computer- 
operator  assistance  is  assigned  at  Chicago  to  maintain  direct,  resi>onsive  access  to  all 
Chicago  files.  This  slide  shows  the  communication  linkage  between  intelligent 
terminals   at  Pueblo  with   the   AAR  mainframe   in  Chicago. 

One  of  the  frequently-used  terms  in  electronic  data  processing  is  "Data  Base" 
or  "Data  Base  Management  System."  In  laymen's  terms,  this  refers  to  a  system  of 
ordering,  linking,  and  referencing  individual  pieces  of  information  or  measurements 
in  files  such  that  we  can  easily  locate  and  retrieve  he  infomiation  we  need  and  have 
it  placed  before  us  in  an  organized  format.  For  FAST,  this  generally  consists  of 
being  able  to  reference  any  given  test  component  and  relate  it  to  location  or  position 
and  determine  the  ser\'ice  time  in  that  location.  ( See  Figure  6. )  From  this,  million 
gross  tons  of  traffic  or  miles  of  service  can  be  correlated  \\ith  individual  or  collective 
wear  measurements.  This  relationship  of  the  data  base  and  experimental  analysis 
function  is   showTi  in   this   schematic.    ( See  Figvu-e  7. ) 

The  major  classifications  or  types  of  FAST  data  in  the  data  base  are  shown  in 
Figure  8.  The  distinction  between  primary  and  secondary  is  based  on  anticipated 
frequency  of  use  and  is  used  to  detennine  the  storage  medium  used  in  constructing 
the  data  base. 

This  slide  shows  how  a  data  user  might  interact  with  the  data  base  to  retriexe 
information   for   analysis   and   report   preparation.    ( See   Figure   9. ) 

A  schematic  showing  how  the  data  base  links  infonnation  pertinent  to  tlie  rail 
analysis  is  shown  here.  (See  Figure  10.) 

Information  contained  in  die  Track  Event  Records  (a  maintenance  history) 
allows  us  to  build  a  "track  chart"  pictorial  such  as  is  showii  here.  (See  Figure  11.) 

Now  a  word  about  reports  .  .  .  the  individual  FAST  Experiment  Managers  ha\e 
responsibility  for  the  technical  content  of  FAST  publications  in  their  assigned  areas. 
These  publications  have  been  divided  into  four  classifications  based  on  technical 
depth  and  completeness.  These  categories  are: 

Technical  Notes 
Technical  Memoranda 

Interim  FAST  Experiment   Reports   .    .   .   and 

FAST    Experiment   Reports,    the    latter   being    a   complete   technical   docu- 
ment coxering  all  aspects  of  an  indi\idual  experiment. 

An  example  of  the  Technical  Note  format  is  show  n  here.  ( See  Figiu-e  12 ) . 
Seven  ha\e  been  released  to  date.  Several  are  in  tlie  publication  stage.  Interim 
experiment  reports  on  wheel  and  rail  performance  are  now  in  the  review  process. 
Several  experiment  reports  on  terminated  experiments  are  currently  in  the  draft- 
report  stages. 
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I   am   sure   man>-   of   you   are   familiar   with   the  two  progress   reports   released 
earlier  in  the  program.   (See  Figure  13.) 

Having  covered  these  preliminaries,  we  would  now  like  to  turn  to  individual 
reports  on  progress  at  FAST. 
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FAST  DAILY  INPUT  STREAM 


Figure  3 
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HOW  THE  DATA  BASE  RENTES  TO  THE  EXPERIMENTAL 
ANALYSIS  FUNCTION 
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BASED  ON  USAGE  THE  DATA  BASE  DIVIDES  ITSELF  AS  FOLLOWS 
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INSl'HCTION  REPORT  OF  SEI.KCT^r  FASTENING  SVSTEH 
COMrONENTS  IN  SECTION  17  AT  235.4  MGT 


SUmARV 

An  inspection  of  fastener  inserts,  tie  pads,  insulators  and  tail 
seats  of  the  ties  in  the  S''  and  3°  curves  and  their  associated  spirals 
in  Section  17  was  conducted  by  the  Experiment  Manager.  Penetration  of 
the  rail  into  fastener  inserts,  field  side  on  both  high  and  low  rails, 
was  found  in  these  areas.  Indicated  failure  rates  for  tie  pads  and  in- 
sulators are  presented.  The  condition  of  the  rail  seats  of  the  ties  was 
found  to  be  e.\cellent  . 


INTRODUCTION 

During  the  relay  of  the  rails  in  Section  17  during  April  1978,  at 
235.4  million  gross  tons  (MGT)  (213.5  MGMg''),  tie  pads  and  fastener 
components  were  exposed  for  inspection  in  the  'j°  and  3"  curves  and  their 
associated  spirals.  The  affected  areas  during  the  relay  are  shown  in 
figure  1. 


liISCUSSIGN 

The  lastening  inserts  f i cm  ties  0070-oaoa  (figure  2)  were  inspected 
for  wear.  Ties  that  had  been  b^dly  skewed  so  as  to  break  the 
insulators,  or  to  prevent  the  reinsertion  of  an  insulator  between  the 
edge  of  ttie  rail  base  and  the  insert,  sliowed  heavy  w-jar  of  the  field 
side  insert.  Rail  steel  is  much  iiarder  tlian  malleable  or  ductile  iron 
of  which  the  inserts  are  made.  Penetration  of  as  much  as  3/8"  (9.5  mm) 
was  observed  in  several  inserts  in  the  5"  curve. 

From  ties  0S09-0909 ,  separate  insulators  were  not  used  (the  em- 
bedded portion  of  the  insert  was  epoxy  coated).  All  fastener  inserts 
show  heavy  wear  at  the  contact  surface  on  the  field  side  of  the  rail 
between  the  edge  of  the  rail  base  and  the  insert  (figure  3).  This  wear 
is  in  excess  of  1/8"  (3.2  rtun)  and  in  some  cases  as  much  as  3/16" 
(4.8  mm).   Tliese  ties  are  in  the  spiral  to  the  5   curve. 


*  The  metric  equivalent  for  the  ton  used  in  this  report  is  tlie  megagtam 
(Mq).  equal  to  1  000  kg  or  one  metric  ton. 


Figure  12. 
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Figure   13 


Rail-Wheel  Wear  at  FAST 
by  W.  J.  Kucera* 

Corrugation  studies  at  FAST  involve  the  measurement  of  corrugation  features 
as  they  occur  in  track.  Such  data  is  collected  to  pro\ide  a  characterization  of  corru- 
gation fonn  as  affected  by  track  structure  features  such  as  tie  type,  degree  of 
curxature  or  grade.  In  addition,  such  data  will  be  employed  to  evaluate  the  effect  of 
MGT  on  corrugation  features. 

Another  element  in  this  program  involves  feasibility  studies  to  measure  and 
evaluate  dynamic  component  interactions  as  they  participate  in  the  corrugation 
process.    Candidate   measurements   in   the   program   are: 

1 )  Rail- tie  accelerations. 

2 )  Track  system  force  measurments. 

3)  Rolling   stock   force   measurements. 

4 )  Others,    such    as    acoustic   signature   techniques. 

The  intention  is  to  analyze  tlie  dynamic  data  for  spectral  elements  correspond- 
ing to  combinations  of  track  structures,  corrugation  features  and  train  speed.  If 
successful,  the  dynamic  measurement  results  will  be  compared  with  those  of  the 
static  corrugation  analysis. 

Yet  another  program  relating  to  the  FAST  project  is  being  conducted  at  the 
Colorado  School  of  Mines.  In  this  effort,  laboratory  scale  wear  tests  are  being  run 
to  determine  the  wear  characteristics  of  Class  U  and  C  wheel  material  against  stand- 
ard rail  material.  The  test  rig  is  being  operated  to  simulate  rail  side  head  and 
wheel  flange  wear  in  curves.  The  data  plots  have  been  found  essentially  linear  with 
respect  to  exposure  to  the  wear  environment.  Both  wheel  and  rail  wear  rates  increase 
with  increasing  normal  load.  Rail  wear  rates  are  found  to  be  more  sensitive  to  load 
than  wheel  wear  rates.  Class  C  wheel  material  (341  BHN)  wears  at  lower  rates 
than  Class  U  (269  BHN)  material.  Standard  rail  wears  fastest  when  coupled  with 
the  Class  C  wheel  material. 

Data  plots  for  total  system  wear  (Class  C  vs.  Std.  Rail,  Class  U  vs.  Std.  Rail) 
re\'eal  aggregate  wear  rates  which  relate  directly  to  increasing  normal  load.  How- 
ever, there  is  little  difference  in  aggregate  wear  between  the  two  wear  couples 
regardless  of  the  applied  nomial  load.  One  possible  inference  to  be  drawn  from 
these  results  is  that  system  ( wheel-rail )  wear  is  dependent  upon  the  material 
properties  of  the  wear  couple.  Therefore,  a  material  property  change  in  a  member 
of  a  wear  couple  may  reduce  wear  in  one  member  without  improving  wear  rates  in 
the  aggregate. 


Experiment  Manager,  Griffin  Wheel  Company. 
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RAIL     AND     WHEEL      TESTS 
INFLUENCE     OF     NORMAL 
LOAD     ON     WEAR     RATE 
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Some  Results  from  the  First  FAST  Metallurgy 
Experiment 

by  R.   K.   Steele* 

The  profilonieter  traces  taken  during  the  first  FAST  metallurgy  experiment  (up 
to  135  MGT)  in  both  sections  3  and  13  have  been  analyzed  to  determine  the  wear 
rates  on  the  high  rail.  The  data  has  also  been  subjected  to  tests  for  statistical 
significance. 

Briefly  these  analyses  show,  that  in  die  underlubricated  regime  which  occurred 
before  40-45  MGT,  the  premium  rails  ( HiSi,  Fully  Heat  treatd  Chrome  Moly,  and 
Head  Hardened)  were  significantly  better  in  terms  of  gauge  face  metal  loss  than 
was  standard  0.7-0.8  w/o  C  rail.  Head  hardened  rail  had  the  highest  wear  resistance 
and  was  approximately  2/2  times  (figure  of  merit)  better  than  standard  rail  in  die 
5^  curve  (Section  3);  see  table  1,  and  3/2  times  better  in  tlie  4°  cur\'e  (Section 
13);  see  table  2.  In  die  more  fully  lubricated  regime  occurring  after  40-45  MGT, 
all  metallurgies  appeared  to  have  about  the  same  toear  resistance  as  standard  rail 
in  both  the  5'  and  4°  cur\es  except  that  in  the  5"  cur\'e,  head  hardened  rail  was 
approximately  70%  better. 

On  average,  in  the  underlubricated  regime,  the  wear  rate  in  the  5°  curve 
(Section  3)  with  heavy  rail  (>130  lb/yd)  was  about  40%  higher  than  diat  in  the 
4"  cur\'e  (Section  13)  with  lighter  rail  (115  lb/yd).  In  die  generously  lubricated 
state,  the  axerage  wear  rates  in  Section  3  ( 5 ° )  \\'ere  somewhat  less  than  those  in 
Section  13  (4^);  diis  may  not  be  a  statistically  valid  conclusion  due  to  substantial 
scatter  of  the  data. 

The  effect  of  tie  plate  cant  was  determined  in  Section  3  only  (table  3).  In 
the  underlubricated  regime,  the  1:14  cant  produced  approximately  20%  more  gauge 
face  wear  than  did  eidier  the  1:30  and  1:40  cants.  However,  in  the  more  fully 
lubricated  regime,  the  picture  is  less  clear  in  that,  though  the  1:14  cant  again 
produced  higher  gauge  face  wear  (25%)  than  did  the  1:30  cant,  the  1:40  cant 
produced  somewhat  less  gauge  face  wear  (33%)   dian  did  the  1:30  cant. 

In  addition  to  die  metallurgy  and  cant  effects,  a  strong  position-in-cur\e  effect 
was  observed  in  Section  3  ( table  4 )  although  none  was  observed  in  Section  13 
( table  2 )  in  the  underlubricated  regime.  In  this  underlubricated  regime,  die  Section 
4  end  of  Section  3  exhibited  about  15%  higher  gauge  face  wear  than  the  center 
and  opposite  end.  In  the  more  fully  lubricated  regime,  the  center  of  Section  3  curve 
exhibited  the  highest  gauge  face  wear  rate  whereas  the  reverse  was  true  in  Section 
13.  However  the  relatively  large  .scatter  of  the  profile  data  reduces  the  certainty 
that  these  latter  effects  really  occur  when  the  wear  rates  are  as  low  as  in  the  gener- 
ously lubricated  regime. 
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Table  2 


SECTION  13  RESULTS  ("/MGT) 
LOCATION  IN  CURVE 
METALLURGY     POSITION  IN  CURVE 


AVG 


P.M. 


UNDERLUBRICATED 


HH  0.0026  0.0017  0.0022  0.0021  0.0021  3.6 

HiSi  0.0052  0.0049  0.0045  0.0043  0.0047  1.6 

FHT  0.0038  0.0036  0.0034  0.0037  0.0036  2.1 

STD  0.0061  0.0092  0.0086  0.0060  0.0075  1 


AVG 


0.0044     0.0048     0.0047     0.0040 


GENEROUSLY 
LUBRICATED 


HH  0.0014  0.0012  0.0000  0.0010  0.0009  1.1 

Hi  Si  0.0025  0.0001  0.0006  0.0014  0.0012  0.8 

FHT  0.0020  0.0008  0.0010  0.0012  0.0012  0.8 

STD  0.0005  0.0010  0.0008  0.0016  0.0010  1 


AVG 


0.0016     0.0008     0.0006      0.0013 


-TABLE   3 


TIE    PLATE   CANT   EFFECT 


AVERAGE   GAUGE    FACE 
WEAR. "/MGT* 

UNDERLUBRICATED 

GENEROUSLY 
LUBRICATED 

1  :40 

0.0051 

0.0006 

1:30 

0.0051 

0.0009 

1  :14 

0.0061 

0.0012 
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TABLE  4 


POSITION  EFFECT 


AVERAGE  GAUGE  FACE 
WEAR,  "/MGT* 


UNDERLUBRICATED 


GENEROUSLY 
LUBRICATED 


Sect  2   End 

0.0052 

0.0010 

Middle 

0.0053 

0.0016 

Sect  4   End 

0.0061 

0.0005 

*Average  of  all  metallurgies 


Special  Trackwork  Tests  at  FAST 
by  W.  J.   Cruse* 

The  three  special  trackwork  tests  at  FAST  which  I  will  address  are — Insulated 
Joints,  Turnouts  and  Rail  Highway  Grade  Crossing  Warning  Systems  Equipment 
Tests   and   Evaluation.    All    three   are  new  tests   and   are   in   the   construction  stage. 

Insulated   Joints 

The  Transportation  Test  Center  is  in  the  process  of  having  installed  in  the 
FAST  Loop  a  complete  battery  powered  automatic  block  signaling  system.  The 
prime  purpose  of  the  block  signal  system  is  for  rail  break  detection.  Also  they  are 
ha\ing  installed  site  switch  lock  indications. 

To  set  up  the  Block  Signal  System  required  38  insulated  joints  located  at  the 
three  block  signals  and  at  the  eight  turnouts  and  one  crossover.  (See  Figure  1.) 
Twelve  of  the  insulated  joints  at  six  locations  are  in  full  ser\ice  traffic  (one  plus 
MGT  per  night  of  operation).  The  remaining  26  insulated  joints  at  thirteen  locations 
are  in  partial  service. 

Owing  to  the  en\'ironment.  Joint  Surface  Profiles  will  be  measured  on  the  full 
ser\ice  joints  using  the  Longitudinal  Rail  Profilometer  ( See  Figures  2  through  5 ) . 
Measurements  will  be  taken  at  installation,  10,  25  and  every  25  MCT  thereafter. 
This  Longitudinal  Rail  Profilometer  will  also  be  used  for  joint  batter  and  rail  corru- 
gation measurements  on  other  tests  being  carried  out  on  the  FAST  loop. 

\'ertical  Track  Stiffness  measurements  using  the  Optron  System  will  be  taken 
at  installation  and  every  50  MGT  at  each  full  service  joint. 

Tie  Plate  Cutting  using  the  Tie  Plate  Cutting  gage,  measurements  will  be  taken 
at  installation,  10,  25  and  every  25  MGT  thereafter  on  the  two  supporting  ties  of 
each  full  ser%ice  joint. 

Electriccil  measurements  using  a  digital  multimeter  will  be  taken  at  installation 
and  e\ery  5  MGT  thereafter  at  all  full  service  joints. 

Resistance  measurements  using  the  digital  multimeter  at  all  partial  service 
joints,    measurements    will   be   taken   at   installation   and   every    10   MGT   thereafter. 

Support  information  will  be  correlated  with  the  measurement  information. 
Namely  track  inventory  100  ft  on  either  side  of  the  joint,  maintenance  records  of 
all  maintenance  performed  in  and  about  the  joint  owing  to  tlie  presence  of  the  joint, 
rail  flaw  data  of  any  records  100  ft  on  either  side  of  the  joint,  track  geometry  records 
100  ft  on  either  side  of  the  joint  and  track  walkers  and  railroad  consultants  com- 
ments  concerning   the   joint. 

It  is  expected  the  test  can  be  concluded  in  approximately  200  MGT.  We 
anticipate  replacement  of  some  of  tlie  joints  throughout  the  test.  The  joints  that 
are  replaced  due  to  failure  during  the  duration  of  the  test  either  because  of  loss 
of  insulating  qualities  or  breakage  of  the  bars,  bolts  or  failures  in  the  bonding  will 
be  replactxl  with  an  a\ailable  insulated  joint  and  the  replacement  joint  will  not  be 
a  part  of  this  expermient. 

Bonded  insulated  joints  if  they  fail  prior  to  60  MGT  will  be  replaced  in  kind. 

Data  analysis  will  be  part  of  the  experiment.  The  final  analysis  of  the  data  will 
be  a  detailed  correlation  of  the  wear  data,  joint  stiffness  calculations,  maintenance 
requirements  and  track  conditions  through  the  lifetime  of  the  joint. 
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Turnouts 

The  FAST  turnout  experiment  tentatively  planned  for  installation  early  this 
summer  will  provide  comparative  wear  data  for  difFerent  types  of  complete  Xo.  20 
turnouts.  (See  Figure  6.)  The  tests  will  be  located  in  Sections  9  and  11,  West  Bypass 
and  East  Bvpass  Turnouts  and  in  Sections  21  and  1,  West  FAST  and  West  TDT 
Turnouts. 

Owing  to  die  variables  in  trtiffic  environment  and  the  requirement  that  all  turn- 
out locations  experience  identical  wear,  restricts  comparing  the  wear  data  on  all  four 
turnouts  in  the  first  test  location. 

We  will  be  comparing  wear  data  on  the  two  turnouts  in  Sections  9  and  11 
and  the  wear  data  on  the  t\\'o  turnouts  in  Sections  21  and  1. 

The  four  Xo.  20  turnouts  \\'ill  vary  widely  in  the  types  of  rail,  heat  treatments 
and  component  parts.  Three  of  the  Xo.  20  turnouts  will  be  136#  rail. 

One  will  have  Standard  rail  for  the  switches,  stock  rails,  closure  rails  and  wing 
rails  on  the  manganese  frog  casting.  The  switch  points  will  ha\e  manganese  tips,  the 
rail  bound  manganese  frog  will  be  press  hardened,  die  security  high  guard  rail  will 
be  24  ft  long.  All  the  joints  in  the  turnout  will  be  epoxy  bonded. 

The  second  will  haxe  "CROMO"  rail  for  the  switches,  stock  rails,  closure  rails 
and  wing  rails  on  the  manganese  frog  casting,  the  rail  bound  manganese  frog  will 
be  explosive  hardened  and  the  adjustable  guard  rail  will  be  17  ft  long. 

The  third  wiU  have  "Curvemaster"  rail  for  the  switches,  stock  rails,  closure  rails 
and  wing  rails  on  the  manganese  frog  casting,  the  rail  bound  manganese  frog  will 
be   dispersion-hardened  and  the  guard  rails  will  be  "Curvemaster"  rail   19  ft  long. 

The  fourth  turnout  will  be  140  #  rail  with  Fully  Heat  Treated  switches,  stock 
rails,  closure  rails  and  wing  rails  on  the  manganese  frog  castings,  the  rail  bound 
manganese  frog  will  be  explosive  hardened  and  the  guard  rails  will  be  hook  flanged 
type  13  ft  long. 

As  for  the  component  parts  to  the  turnouts,  time  will  not  pennit  to  go  into 
detail  on  the  various  components  such  as  gage  plates,  rods,  slide  plates,  heel  blocks, 
reinforcement  bars,  fasteners,  etc.  However  all  four  turnouts  will  have  Sampson 
switches  and  stock  rails.  We  anticipate  the  test  can  be  terminated  after  200  MCT. 
Six  measurements  will  be  taken  on  the  turnouts. 

1.  Frog  point  and  wing  rail  wear  using  a  Profilometer. 

2.  Frog  Hardness. 

3.  Flange  way  gap  between  running  rail  and  guard  rail. 

4.  Vertical  switch  point  wear. 

5.  Tie  plate  cutting. 

6.  \'ertical   tiack  stiffness. 

The  results  of  the  measurements  will  be  correlated  with  track  inventors-,  main- 
tenance records,  track  geometry,  tors,  rail  flaw  data,  track  walkers,  and  railroad 
consultants   comments,   and  joint  surface  profiles. 

Data  analysis  will  be  part  of  the  experiment.  The  final  anaKsis  of  die  data  will 
be  a  detailed  correlation  of  die  wear  data,  hardness  measurements,  maintenance 
requirements,  and  track  conditions  through  the  duration  of  the  experiment. 
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The  test  turnouts  will  be  assembled  on  new  turnout  ties  out  of  track  near  the 
point  of  installation,  the  existing  turnouts  will  be  removed  along  with  the  present 
ballast.  New  ballast  will  be  installed  and  the  new  turnout  lifted  into  place.  All  tlie 
assembling  and  installation  will  be  done  under  direction  of  the  donors  engineering 
representative. 

Crossing    Protection 

The  FAST  Rail  Highway  Grade  Crossing  Wiuning  Systems  Equipment  Tests 
and  Evaluation  is  in  tlie  installation  stage.  The  objective  of  this  experiment  vsill  be 
to  establish  failure  rates  of  rail  highway  grade  crossing  warning  equipment  under 
controlled  and  accelerated  test  conditions  in  order  to  identify  potential  areas  of 
product  improvement,  including  reliability  and  maintenance. 

The  locations  in  die  FAST  Loop  where  the  warning  equipment  will  be  installed 
are  at  the  East  Bypass  crossing  in  Section  11  and  the  West  Facility  crossing  in 
Section  8.  The  experiment  will  be  continued  for  an  unspecified  period  of  time. 

At  the  outset  of  the  experiment  there  will  be  installed  crossing  gates  at  the 
two  locations,  cantilever  with  lights  at  one  location,  mast  lights  at  one  location, 
motion  sensing  apparatus  will  be  installed  to  control  the  warning  devices  at  one 
location  and  constant  warning   time  equipment  at  one  location. 

The  complete  system  will  be  monitored  and  recorded,  also  actuation  and  fre- 
quency data  will  be  taken  along  with  maintenance  records,  photographs  and  metro- 
logical  records  of  temperatures,  wind  velocity',  storm  information  and  general 
weather   conditions. 

The  rail  grade  crossings  will  include  warning  signs  to  indicate  that  the  crossing 
signal  system  is  test  hardware  and  will  not  be  used  for  facility  access. 

Gentlemen,  a  year  from  now  we  should  have  some  interesting  data  on  these 
tliree  special  trackwork  tests  to  pass  on  to  you. 


Wood  Tie  and   Fastener  Performance 
by  L  C.  Coilister* 

It  is  a  pleasure  to  bring  to  you,  the  American  Railway  Engineering  Association, 
this  up-date  on  the  FAST  Track  at  Pueblo,  Colorado. 

Background 

FAST  consists  of  a  4.8  mile  oval-shaped  loop  containing  5,  4,  and  .3  degree 
curvatures  with  about  46  percent  of  die  loop  being  tangent  track.  The  maximum 
grade  is  2  percent,  and  maximum  speed  is  45  m.p.h.  The  loop  is  di\ided  into  22 
segments  of  varying  length  where  a  wide  variety  of  track  related  experiments  are 
being  conducted.  These  include  tests  on  rails,  turnouts,  frogs,  switches,  ties,  fasteners 
and  ballast  on  both  jointed  rail  and  CWR.  The  test  train  typically  consists  of  76 
cars  and  four,  4-axle  locomotives  with  gross  weight  on  the  order  of  9,500  tons. 

Typical  daily  operations  accumulate  0.8  to  1  MGT  on  the  track  and  450  to  -500 
miles  on  the  train  in  about  16  hours  of  track  time,  the  FAST  loop  has  turned  into 
one  of  the  busiest  railroads  in  the  world  with  a  76-car  train  going  by  the  station 
every  6/2  minutes  for  16  hours  a  day.  One  would  think  with  this  level  of  traffic  FAST 
would  be  a  very  interesting  road  for  any  roadmaster  to  maintain,  and  it  is. 

At  this  writing,  March  2.3,  1979  diere  has  been  an  accumulated  .385.227  million 
gross  tons  over  the  track  and  approximately  200,000  train  miles  since  operation 
began  September  22,  1976. 

While  this  is  much  below  the  goal  set  at  the  outset  of  the  program,  which 
envisioned  16  hours  per  day,  7  days  a  week  operations,  the  achievement  of  the 
program  is  quite  impressive. 

Reviewing  the  operation  to  date,  many  results  can  alreadx  be  listed,  and  more 
will  become  evident  as  the  data  collected  is  analyzed. 

A  derailment,  caused  by  a  broken  axle  last  March  17,  started  in  section  20. 
Ties  were  just  marked  in  sections  20,  21,  22  and  there  the  wheel  came  out  and  the 
other  wheel  dropped  down.  From  there  to  about  the  center  of  section  three  the  ties 
were  badly  cut  up  and  several  have  been  removed. 

The  second  derailment  occurred  early  the  morning  of  Nhiy  11,  1978  just  after 
completion  of  the  days  run.  The  train  was  headed  into  the  facility  at  12  mph  when 
the  cars  started  derailing.  There  were  six  on  the  ground  before  the  consist  could 
be  stopped.  Howe\er,  this  all  happened  on  the  facility  track  and  the  FAST  track 
itself  was  not  damaged,   nor  was   testing  delayed. 

Track  environment  changed  in  the  middle  of  the  test.  Tliis  wiis  caused  by 
changes  in  lubrication  procedures  which  changed  the  rate  of  wear  of  rail  and  wheels. 

This  was  recognized  in  January  1977  and  a  second  phase  test  was  plarmed  to 
correct  the  problem.  One  of  the  problems  encountered  wiis  an  excessive  failure  of 
welds,  both  field  and  shop.  The  reason  for  tliis  was  an  imexpected  problem  of  weld- 
ing rail  of  different  metallurgy  or  heat  treatment.  Based  on  results  of  die  final  134 
MGT,  the  redesign  of  the  test  eliminated  field  and  shop  welds  bet%veen  rails  of 
different  heat  treatment  and  metallurgy. 

Two  conclusions  can  be  made:  Heat  treated  and  special  metallurgy  rail  generally 
outlasts  standard  carbon   rail  on   FAST  curves,  and  wear  of  the  rail  increases  with 
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t\\e  degree  of  cursatures  for  the  same  mode  of  operation.  Recommendations  can  be 
made   for   caution   when   welding   rails   of   different  metallurgy   and   heat   treatment. 

TIES — Steel   Ties 

Only  one  type  of  steel  tie  available  was  submitted  for  testing.  This  t\pe  of  tie 
failed  in  the  means  of  attachment  of  rail  to  He. 

The  failure  occurred  after  tliree  months  of  operation  at  26  MGT.  This  same 
t>pe  of  tie  was  under  test  for  over  two  years  under  normal  traffic  on  a  railroad. 
After  the  FAST  experiments,  ties  on  the  railroad  were  inspected  and  the  same  type 
of  failure  was  observed.  Field  tested  ties  also  accumulated  26  MGT  at  the  time  of 
inspection  but  after  two  years  of  test. 

This  illustrates  the  possibility  of  FAST  test  methods  being  able  to  make  an 
early  prediction  of  how  components  will  perform  under  operating  conditions. 

Concrete   Ties 

SL\  types  of  concrete  ties  with  eight  types  of  pads  and  three  types  of  fastenings 
are  under  test.  To  date,  all  ties  performed  widiout  failure.  Two  types  of  pads  were 
found  unsatisfactory  and  one  lot  of  fasteners  developed  failure,  presumably  due 
to  manufacturing  defects.  But  this  happens  only  in  limited  section  of  track  on  a  2% 
grade  and  a  five  degree  curve,  so  operating  conditions  could  be  the  reason,  in 
which  case  a  new  specification  for  the  fastener  would  result. 

Wood   Ties 

All  wood  ties:  soft,  hardwood,  laminated,  and  reconstituted  perfonn  satisfac- 
torily without  signs  of  plate  cutting  or  any  other  signs  of  distress.  This  is  as  expected 
for  the  traffic  to  date. 

Reconstituted  ties  on  several  railroads  were  inspected  and  generally  perfonning 
satisfactorily  after  two  years  of  service.  One  railroad  had  ties  on  an  8  degree  ciu-ve. 
These  were  perfonning  well.  Another  has  reconstituted  ties  on  an  8/2  degree  curve 
with  2%  grade.  These  ties  had  been  subjected  to  two  derailments.  Yet,  the>'  were 
still  functioning  as  well  or  better  than  adjacent  wood  ties. 

Rail 

Rail  corrugations  developed  in  many  sections  of  track,  but  primarily  in  the 
5  degree  curves  on  both  wood  and  concrete  ties.  The  hypothesis  has  been  made  diat 
corrugations  are  more  detrimental  to  concrete  tie  track  structure  than  to  a  wood 
tie  track  structure.  As  a  result  of  Uie  above,  a  special  corrugation  test  is  being 
planned  to  develop  better  understanding  of  the  phenomenon. 

Frogs 

These  castings  used  in  switches  to  allow  for  rail  intersections  are  a  high  main- 
tenance item  for  railroads.  They  are  tested  in  two  places,  section  II  with  eight 
manganese  frogs  with  two  methods  of  work  hardening.  All  failed  in  the  same  manner 
as  in  regular  service. 

Two  other  frogs  are  in  the  track  but  with  cracks  developing  in  the  tailpiece. 
This  type  of  failure  is  common  in  normal  practice.  There  are  also  frogs  in  six 
switches  in  the  track.  These  proved  to  be  maintenance  items  and  some  are  devel- 
oping cracks  which  so  far  are  not  severe  enough  to  cause  removal. 
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Switches 

Switch  points  are  also  a  high  maintenance  item.  Test  experience  on  FAST 
indicates  that  manganese  inserts  in  switches  add  considerably  to  the  life  of  the 
point. 

Tie    Plate    Pads 

Rublnr  pads  placed  under  tie  plates  on  wooden  ties  to  prevent  tie  plate  cutting 
failed  under  the  FAST  train.  They  frequently  e.xtruded  through  spike  holes  and 
worked  out  from  under  the  tie  plate.  A  review  of  the  benefits  obtained  during  theii 
ser\ice   life   will   be  necessary  to  evaluate  their  utility  under  our  traffic  conditions. 

Ballast 

Due  to  weather  and  moisture  conditions  experienced  at  TTC,  no  valid  tests  can 
be   conducted   on   ballast  degradation  due  to  a  moisture  and  freezing  combination. 

Degradation  study  of  ballast  due  to  traffic  will  continue.  Special  tools  and 
methods  are  being  developed  in  connection  with  the  University  of  Xew  York  at 
Butialo  and  TSC   ( Transportation  System  Center,  Boston ) . 

Maintenance 

When  the  test  was  originated  it  was  assumed  that  no  maintenance  would  be 
done  until  the  track  deteriorated  to  FRA  class  4.  It  was  found  \er\-  soon  that  work 
has  to  start  earlier  as  one  night's  operation  of  the  FAST  train  (100-130  passes) 
could  deteriorate  the  track  from  class  4  to  3  or  2,  creating  dangerous  operating 
conditions. 

FAST  operating  conditions  help  to  illustrate  the  amount  of  damage  to  track 
due  to  Unit  train  operation  with  trains  of  100  ton  equipment.  The  above  is  a  quali- 
tative result.  Quantitative  results  are  harder  to  obtain,  but  eventually  means  should 
be  a\'ailable  to  compare  all  the  various  FAST  track  structures'  abilit>-  to  withstand 
forces  induced  by  100  ton  equipment.  While  a  somewhat  magic  number  of  600 
MGT  is  approaching  and  consideration  for  Phase  II  is  being  discussed,  we  might 
take  a  second  look  at  the  program. 

The  initial  FAST  experiment  was  expected  to  take  nearly  one  year.  We  reached 
the  300  MGT  mark  August  15,  1978  and  to  complete  the  experiments  that  are  in 
line  as  of  now,  the  expermient  managers  have  recommended  continuing  tlie  present 
consist  to  at  least  600  MGT.  The  steering  committee  agreed  to  this. 

As  a  result  of  this  need  for  additional  testing,  Section  7  was  rebuilt  at  135 
MGT  with  new  ties  and  additional  fasteners  (November  16  through  Januar>-  1,  1979). 

Section   7   fastener   tests   were   as   follows   in   coimterclockwise   direction: 

100  ft  of  cut  spikes,  standard  plates. 

1:40  cant,  3  spikes  per  plate. 

100  ft  of  compression  clips  with  cut  spikes,  2  spikes  per  plate. 

100  ft  of  elastic  fasteners  with  screw  spikes,  2  screw  spikes  per  plate. 

100  ft  of  elastic  fasteners  widi  cut  spikes,  2  spikes  per  plate. 

100  ft  of  elastic  fasteners  drive  spikes,  2  spikes  per  plate. 

100  ft  of  compression  clips  with  cut  spikes,  2  spikes  per  plate. 

100  ft  of  elastic  fasteners  with  screw  spikes,  2  spikes  per  plate. 

100  ft  of  elastic  fasteners  with  cut  spikes,  2  spikes  per  plate. 

100  ft  of  elastic  fasteners  with  drive  spikes,  2  spikes  per  plate. 

100  ft  of  cut  spikes  standard  plate  1:40  cant,  3  spikes  per  plate. 
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This  te,st  was  temiinatid  in  early  August  at  141  MGT  dur  to  failvue  of  the 
hold-down  fasteners  in  six  segments  which  created  a  wide  gage  condition. 

A  rebuild  in  December  1978  of  section  7  resulted  in  the  following  set  of  fasten- 
ers tests  counterclockwise: 

A  control  section  of  7?i"  x  14"  plates,  1:40  cant,  5  cut  spikes  per  plate. 

Hardwood  ties  with  spring  fasteners,  4  screw  spikes  per  plate. 

Pine  ties  witli  spring  fasteners,  4  screw  spikes  per  plate. 

Pine  ties  with  spring  fasteners,  4  drive  spikes  per  plate. 

Pine  ties  spring  fasteners,  4  lock  spikes  per  plate. 

Pine  ties  double  elastic  spike,  witli  2  cut  spikes  per  plate. 

Pine  ties  with  clip  fasteners,  4  screw  spikes  per  plate,  one  through  clip  and 

into  tie. 

Pine  ties  with  standard  7%"   x   14"   plate  with  4  cut  spikes  per  plate  as 

control. 

Pine  ties  with  compression  clip  and  4  screw  spikes  per  plate. 

Pine  ties  with  K  plate  and  clip,  4  screw  spikes  per  plate. 

By  mid-June  of  this  year  we  will  probably  be  in  another  major  rebuild.  Section 
3,  part  of  22  and  17  with  new  ballast,  concrete  ties  and  wood  ties  in  section  3  on 
the  5  degree  curve,  and  in  section  22  a  tangent,  tliis  to  more  equitably  compare  the 
wood   and   concrete   tie  track   systems. 

Something  needs  to  be  said  about  the  operating  funds.  The  sources  of  funding 
for  die  F.-\ST  program  are  listed  in  order  of  magnitude  contributed — (1)  FRA, 
(2)   Railroads  and  Supply  Industry,   (3)   AAR. 

FRA  funds  come  as  operating  funds  supplied  to  TTC,  funding  for  the  two  AAR 
contracts  and  through  allocation  of  TSC  funds  and  personnel. 

Railroads  and  Supply  Industry  contribute  through  allocation  of  rolling  stcK-ks, 
cars,  and  locomotives,  components  for  test,  botii  track  and  rolling  stock,  and  per- 
sonnel assigned  to  assist  the  AAR  FAST  Director. 

AAR  contributed  through  their  research  personnel  and  financing  of  a  portion 
of   the   costs   of   consultants   and   Experiment  Managers. 
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Performance  of  Concrete  Ties  and  Fastenings  at  FAST 
by  J.  W.  Weber* 

To  date,  the  tonnage  at  FAST  is  38.5  MGT. 

Concrete  ties  in  the  FAST  Track  are  located  in  Section  17. 

In  a  counterclockwise  direction,  Section  17  is  composed  of  a  5"  cur\e  on  a  2 
percent  grade  and  .300  ft  long  leading  and  trailing  spirals. 

Next  is  a  902  ft  long  tangent. 

This  is  folloued  by  a  3""  cur\e  2,125  ft  long  and  600  ft  long  leading  and  trailing 
spirals. 

Total  lengtli  of  Section  17  is  approximately  6,142  ft.  The  first  69  ties  of  Section 
17  are  wood  ties  fomiing  a  transition. 

All  concrete  ties  have  been  inspected  nmnerous  times  from  the  surface  by 
walking  the  track  and  observing  any  visual  defects. 

These  inspections  reveal  various  minor  defects  such  as  chips  or  spalls  caused  by 
track   maintenance  equipment. 

One  year  ago  at  this  session,  I  reported  .38  ties  ha\ing  center-bound  cracks. 
These  were  all  located  in  the  5°  Curve  and  they  appear  unchanged  from  a  year  ago. 

Side  of  tie  inspections  are  made  periodically  by  opening  up  the  cribs  of  selected 
adjacent  ties  throughout  Section  17.  This  exposes  the  side  faces  of  two  ties  for  each 
opened  crib.  Ties  are  closely  inspected  for  cracks  and  otlier  defects. 

Flexural  cracking  beneath  the  rails  has  not  been  a  problem  with  an\  of  the  ties 
installed  in  Section  17. 

Inspections  made  of  the  ballast  and  subgrade  require  the  remo\al  of  up  to  three 
consecutive  ties  exposing  the  side  faces  of  two  additional  ties.  Thus,  five  consecutive 
ties  can  be  inspected.  Xo  evidence  of  flexural  cracking  beneath  the  rails  has  been 
found  during  such  inspections. 

The  most  recent  such  inspection  was  made  March  15  of  this  year  after  387 
MCT  of  traffic.  This  group  of  ties  was  located  in  the  5^  Curve  of  Section  17. 

It  is  clear  that  the  concrete  ties  are  performing  in  an  excellent  manner. 

During  the  relay  of  the  rails  at  235.4  MGT,  tie  pads,  fastening  components, 
fastening  inserts  and  the  rail  seats  of  the  ties  were  exposed  for  inspection  in  both 
the  5°  and  tlie  3°  Curves  and  their  associated  spirals. 

The  fastening  inserts,  otherwise  known  as  shoulders,  from  Ties  70—808,  were 
inspected  for  wear.  Ties  that  had  been  badly  skewed  so  as  to  break  the  insulators 
or  to  pre\'ent  the  insertion  of  a  replacement  insulator  between  the  edge  of  the  rail 
base  and  die  shoulders  showed  hea\y  wear  at  the  rail-shoulder  interface.  Rail  steel 
is  much  harder  than  malleable  or  ductile  iron  of  which  tlic  shoulders  are  made. 
Penetration  of  as  much  as  %  of  an  in.  was  obser\ed  on  sewral  field-side  shoulders 
in  the  5°  Curve. 

From  Ties  809-909,  separate  insulators  were  not  used.  All  field-side  shoulders 
showed  heavy  wear  at  the  rail-base  shoulder  interface. 

This  wear  was  in  excess  of  Js  in.  and  in  some  cases,  was  as  much  as  3/16  in. 
These  ties  are  located  in  the  trailing  spiral  of  tlie  5°  Cur\e. 

From  Ties   1459-1633,  separate  insulators  also  were  not  used. 
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Many  field  side  shoulders  show  \\ear  of  up  to  Ki  in.  These  ties  are  in  the  leading 
spiral  to  the  3°   Cur\e. 

The  obser\ed  wear  of  the  field-side  shoulders  is  undesirable.  It  is  aceoinpanied 
by  gage  widening  and  impaired  fastening  performance  and  if  allowed  to  progress, 
will  ultimately  render  a  tie  useless. 

Therefore,  we  can  recommend  to  tlie  fastening  manufacturers  and  the  tie  users 
that  separate  insulators  be  used.  The>  eliminate  shoulder  wear  and  they  are  replace- 
able. 

Pad   Performance 

In  dealing  with  pad  performance,  we  are  dealing  with  how  the  pads  sur\i\e 
the  track  enviromnent  and  also,  how  pad  perfoniiance  affects  the  perfonnance  of 
the  other  fastening  components,   such   as  clips  and  insulators. 

As  most  of  you  know,  we  have  had  some  difficulty  witli  clip  fallout  and  clip 
breakage,  insulator  breakage,  and  tie  skewing  in  die  5°  Cur\'e-2'i  Grade  of  Section  17. 

While  the  studies  being  made  to  determine  why  these  things  are  happening  are 
far  from  complete,  we  can  deduce  certain  coiitributing  factors. 

From  Tie  70-488,  polyethylene  pads  were  originally  installed.  They  have 
survived  in  the  track  environment  surprisingly  well  and  are  still  in  service.  Poly- 
ethylene is  a  hard  and  rather  slippery  material  so  it  is  not  surprising  to  note  tliat 
the  majority  of  tie  skewing  in  the  5°  Curve  has  occurred  where  polyethylene  pads 
are  used. 

From  Tie  489-909,  Corded  rubber  pads  were  originally  installed.  They  uere 
removed  during  the  235.4  MOT  rail  relay  of  April,  1978,  and  replaced  by  polyure- 
thane  pads.  This  was  because  many  of  the  Corded  rubber  pads  \\  ere  in  poor  condi- 
tion and  it  was  though  that  tliis  contributed  to  the  clip  breakage  problem  experienced 
up  to  that  time.  Also,  clips  of  the  same  t>Tpe  but  from  a  different  source  and  all 
new  insulators  were  installed. 

If  anything,  these  changes  aggravated  the  clip  problems.  Previously,  the 
problem  was  mostly  one  of  breakage.  After  the  changes,  the  immediate  problem 
was  clip  fallout  and  later  on  clip  breakage  again  became  a  problem. 

These  problems  occurred  and  are  still  occurring  at  the  gage-side  of  the  inside 
or  low  rail  over  the  length  of  track  having  polyurethane  pads. 

Observations  made  of  this  part  of  the  track  under  traffic  reveal  a  readily  dis- 
cernible rolling  of  the  low  rail.  This  produces  considerable  motion  of  the  various 
fastening  components  such  as  the  insulators  and  clips  and  probably  contributes  to 
the  fallout  and  clip-breakage  problem.  More  will  be  learned  about  this  as  new  tests 
and  measurements  are  introduced. 

Right  now,  we  can  recommend  that  soft  resilient  pads  not  be  used  in  curbed 
track  imder  FAST-type  loading. 

One  year  ago,  I  reported  to  you  diat  the  ballast  used  in  Section  17  was  not 
suitable  for  concrete  tie  track.  An  important  function  of  ballast  is  to  restrain  the 
ties  both  laterally  and  longitudinally.  The  ballast  particles  in  Section  17  are  small 
and  light  and  are  shaped  such  tliat  interlock  of  the  particles  does  not  take  place. 
Thus,  it  rests  in  a  loose  condition  in  the  cribs. 

In  addition  to  that,  ballast  degradation  has  taken  place  at  the  tie-ballast  inter- 
face arid  the  resultant  fines  mixed  wiUi  the  fines  that  ha\e  migrated  upward  from 
the  sub-ballast  and  deposited  by  wind  produces  a  condition  that  pro\ides  very  little 
restraint,  either  laterally  or  longitudinally. 
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The  track  maintains  its  integrity  due  to  the  tortional  restraint  generated  by  the 
positive  holddown  at  each  rail  seat. 

Tie  skewing  has  occurred  in  the  lower  half  of  the  5^  Curve  and  this  has  been 
rectified  by  the  use  of  rail  anchors. 

Where  rail  anchors  are  used,  the  ballast  has  settled  down  and  clip  fallout  and 
breakage  has  been  greatly  reduced.  Thus,  ballast  would  appear  to  be  a  factor  in 
the  clip  fallout  and  breakage  problem. 

The  fastenings  are  being  required  to  provide  much  of  the  lateral  and  longi- 
tudinal restraint  normally  provided  by  the  ballast.  This  places  strain  in  the  fastening 
components  that  they  would  not  normally  see  in  track. 

The  sandwich-type  insulators  used  in  Section  17  have  suffered  a  high  rate  of 
breakage.  This  is  partially  due  to  the  conditions  just  described  but  even  so,  the 
manufacturer  has  redesigned  and  strengthened  the  insulators  for  all  current  and 
future  installations. 

A  high-quality  ballast  will  be  used  in  the  5°  Curve  when  that  part  of  Section 
17   is   rebuilt   next   summer.   This  rebuild  will  feature  the  following  combinations: 

1.  Current  ties  on  new  granite  ballast — These  ties  currently  in  track  will 
remain  in  track  to  build  tonnage  on  them.  Rail  anchors  will  be  re- 
moved to  see  if  the  new  ballast  reduces  or  eliminates  tie  skewing.  (75- 
CC244C,    75-RT-7SS,    Pandrol    Sandwich    Insulators) 

2.  New  current  ties  on  new  granite  ballast — Rail  anchors  will  not  be 
applied  to  see  if  the  new  ballast  eliminates  tie  skewing. 

3.  New  ties  fitted  for  improved  versions  of  the  two  threadless  elastic-type 
fastenings  presently  in  track — These  will  be  installed  on  cleaned  current 
ballast  to  determine  if  the  improved  fastenings  will  be  better  able  to 
resist  tie  skewing  than  those  originally  installed.  (Pandrol,  P-10  Insu- 
lators and  Sidewinders) 

4.  New  ties  fitted  for  two  new  threadless-type  fastenings  on  new  granite 
ballast — This  will  determine  if  the  new  fastenings  will  perform  ade- 
quately in  a  5°  curve  and  a  2%  grade.  (Prorail  and  ties  made  in  France- 
Canadian    Tie   &    DE    Fastening.) 

5.  Northeast  Corridor  ties  and  fastenings  on  Northeast  Corridor  traprock 
ballast  and  a  Northeast  Corridor-type  tie  and  fastening  on  granite 
ballast— ( RT-7SS-2  Pandrol  P-10  Insulators  and  CC-297  Pandrol  P-10*s) 
— The  information  obtained  from  the  summer  rebuild  will  go  a  long 
way  toward  answering  some  of  the  questions  raised  by  the  performance 
of  fastenings  so  far. 

An  important  contribution  of  FAST  is  the  e\'aluation  of  track  components 
prior  to  installation  in  revenue  tracks.  This  will  make  it  possible  for  revenue  rail- 
roads to  install  reliable  ties  and  fastenings  without  excessive  testing. 

Further  information  will  become  available  when  half  of  the  5°  Curve  in  Section 
3  is  rebuilt  with  concrete  ties.  The  ties,  fastenings  and  ballast  types  going  into 
Section  17  will  be  replicated  in  Section  3.  This  will  give  us  infomiation  about  the 
influence  of  a  2%  grade  on  tie  and  fastening  perfonnance.  Also,  the  other  half  of 
the  5°  Curve  in  Section  3  will  be  new  wood  tie  track. 
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The  rail  metallurgy  and  the  ballast  types  will  be  symmetrical  about  the  midpoint 
of  the  5°  Curve.  This  will  give  us  a  direct  comparison  between  concrete  tie  and 
wood  tie  track. 

Another  direct  comparison  will  be  made  in  Section  22  where  350  Northeast 
Corridor  concrete  ties  and  350  Northeast  Corridor  wood  ties  will  be  installed  on 
Northeast  Corridor  traprock  ballast.  This  will  be  on  tangent  track. 

I  have  not  mentioned  instrumentation.  This  is  being  improved  and  numerous 
new  measurements  will  be  made  but  that  is  beyond  the  scope  of  this  presentation. 

Next  year  we  should  have  some  interesting  results  to  present  to  you. 


Effect  of  Rail  Section  and  Traffic  on  Rail  Fatigue  Life 
by  Allan  M.  Zorembski* 

Introduction 

The  current  trend  towards  increasing  traffic  and  wheel  loads  has  focused  indus- 
try attention  on  maintenance  of  the  track  structure.  In  particular,  the  problem  of  rail 
failure  and  replacement  has  emerged  as  a  key  issue  in  the  track  maintenance,  safet>-. 
and  economic  arenas.  The  ability  to  reliably  predict  rail  service  Ufe  for  different 
traffic  and  track  conditions  is  of  paramount  importance  in  examining  and  develop- 
ing suitable  maintenance  procedures.  Furthemiore,  the  proper  matching  of  rail 
section  size  with  traffic  and  track  conditions  is  essential  for  any  cost  effective 
maintenance  program. 

Traditionally,  the  dominant  criterion  for  the  replacement  of  rail  in  mainline 
track  has  been  eidier  rail  end  batter  or  rail  head  wear.  Increasing  use  of  continuously 
welded  rail  has  significantly  decreased  the  occurrence  of  rail  head  batter.  Thus  rail 
head  wear  remained  as  the  dominant  rail  replacement  criterion.  HoM'ever,  with  the 
increasing  traffic  loads,  particularly  the  increasing  wheel  loads,  that  the  track  struc- 
ture is  being  called  upon  to  support,  the  development  of  fatigue  "defec-ts"  in  the 
rail  is  emerging  as  a  major  replacement  criterion  for  mainline  tangent  track.  In  fact, 
current  and  proposed  safety  criteria  now  emphasize  the  detection  of  fatigue  defects 
as  they  develop  in  tangent  rack.  Thus,  it  appears  that  in  many  instances,  fatigue, 
rather  than  wear,  is  the  replacement  criterion  for  rail  in  service. 

Recent  development  of  a  fatigue  analysis  methodology  for  prediction  of  rail 
service  life  in  mainline  tangent  track  was  reported  in  References  ( 1 )  and  ( 2 ) .  This 
methodology  utihzes  a  characterization  of  tlie  service  load  environment  together 
with  rail  material  fatigue  properties  to  calculate  the  service  life  of  the  rail.  Refer- 
ence (2)  presented  the  complete  analysis  methodology  and  compared  the  calculated 
results  with  data  obtained  from  service  experience.  The  correlation  was  quite  good. 

The  objective  of  this  paper  is  to  extend  the  results  presented  prev iously  to  studv- 
the  effect  of  changing  the  rail  section  size  on  the  rail  service  life.  Additionally,  the 
effect  of  different  traffic  loadings,  specifically  mixed  freight  vs.  unit  train  traffic, 
and  the  effect  of  varving  track  support  conditions  will  be  investigated. 


Fatigue   Analysis   Methodology 

A  methodology  for  the  analysis  of  the  fatigue  life  of  rail  in  mainhne  service  was 
introduced  recently  in  References  ( 1 )  and  ( 2 ) .  This  analysis  methodologv-  is 
particularly  directed  towards  calculation  of  tlie  initiation  period  for  a  detail  fracture 
in  the  rail  head.  The  methodology  consists  of  four  distinct  components:  development 
of  a  traffic  load  spectnim,  determination  of  the  rail  head  stress  spectnmi,  eviUua- 
tion  of  material  properties  of  the  rail  steel,  and  the  fatigue  analysis  itself.  Each  of 
these  represents  an  essential  component,  a  deficiency  in  which  ciinnot  be  made  up 
in  the  other  components.  Thus  inadequate  data  in  any  of  the  component  inputs  can 
result  in  an  erroneous  or  misleading  result. 
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The  trafBc  load  spectrum  represents  the  wheel-rail  load  enxironment  as  experi- 
enced by  a  rail  in  track.  Figure  1  depicts  three  such  wheel-rail  load  spectra  presented 
as  cumulative  probability  curves.  Two  of  these  spectra,  the  UP  and  FAST  curves, 
were  obtained  by  monitoring  instrumented  track  sites  under  normal  traffic  conditions 
on  the  Union  Pacific  Raihoad  and  at  the  Facility  for  Accelerated  Service  Testing 
(FAST)  respectively.  The  UP  spectrum  is  representative  of  mixed  freight  traffic  on 
wood  tie  track.  The  FAST  spectra  is  representative  of  100  ton  unit  train  operation 
on  concrete  cross-tie  track.  The  third  spectrum  shown  in  Fig.  1  represents  an  arti- 
ficially developed  spectrum  representative  of  unit  train  operation  on  wood  tie  track. 
Other  traffic  load  spectra  were  presented  in  Reference  (2). 

In  order  to  conduct  the  fatigue  analysis,  the  loading  on  the  rail  must  be  con- 
verted to  stresses  at  the  point  of  failure.  In  this  analysis,  botli  the  contact  and  Ix^nd- 
ing  stresses  in  the  rail  head  are  utilized.  The  bending  stresses  are  determined  by 
assuming  the  rail  to  be  a  beam  on  an  elastic  foundation  ( the  track )  ( 3 ) .  The  contact 
stresses  are  calculated  by  means  of  the  general  theory  of  the  contact  of  elastic 
bodies  ( Hertzian  theory )  ( 4 ) .  Noting  that  die  bending  stress  in  the  rail  head,  the 
thermal  stress  due  to  constrained  thermal  expansion  (5),  and  the  longitudinal  com- 
ponent of  the  contact  stresses  all  have  the  same  orientation  (Fig.  2),  the  stress 
components  are  combined  to  produce  tlie  influence  line  shown  in  Fig.  3.  This 
influence  line  represents  the  stress  wave  that  the  rail  head  experiences  with  each 
pass  of  a  wheel.  It  consists  of  a  tensile  component,  which  includes  the  reverse  bend- 
ing stresses  caused  by  rail  uplift,  and  a  compressive  component.  This  stress  cycle, 
which  varies  from  tension  to  compression  as  the  wheel  passes,  is  of  prime  significance 
in  fatigue  analysis.  Conversion  of  each  applied  load  level  to  the  corresponding  stress 
cycle,  as  noted  in  Reference  (2),  tlien  results  in  the  de\elopment  of  the  rail  head 
stress  spectra  used  in  the  fatigue  analysis. 

The  material  properties  for  tlie  standard  carbon  rail  steel  used  in  this  analysis 
were  based  on  test  data  reported  by  the  American  Railway  Engineering  Association 
( 6 ) .  The  cLita  is  presented  in  the  form  of  a  stress-life  ( S-X )  curve,  assumed  to  be 
linear  on  log-log  paper,  with  an  endurance  limit  of  10,000,000  cycles  (Fig.  4a) 
and  a  constant  life  Modified  Goodman  Diagram  (Fig.  4b).  This  format  is  suitable 
for  incorporation  of  the  material  property  data  into  the  fatigue  life  analysis    (2). 

The  fatigue  analysis  itself  utifizes  the  Miner  (7)-Palmgren  (8)  linear  cumula- 
tive damage  theory  to  calculate  the  fatigue  life  of  the  rail.  This  theory  assumes  that 
each  time  the  rail  is  stressed  to  some  value  greater  than  its  fatigue  limit  at  that 
stress  ratio,  a  fixed  amount  of  damage  occurs.  This  damage  is  added  linearly  and 
fatigue  failure,  defined  to  be  the  point  of  crack  initiation,  occurs  when  the  sum  of 
the  damage  increments  reaches  unity.  For  a  more  detailed  description  of  the  fatigue 
analysis,   the  reader  is  referred  to   References    (2)    and   (9). 

Finally,  in  order  to  avoid  the  effects  of  the  work  hardening  and  work  softening 
that  occurs  in  the  rail  head  just  below  the  wheel-rail  contact  zone,  the  point  of 
fatigue  initiation  was  assumed  to  occur  initially  .25  in.  below  the  surface  of  tlie  rail 
head,  thus  below  the  work  hardening  zone.  Since  wear  occurs  with  accumulated 
traffic,  the  rail  head  was  pennitted  to  wear,  thus  causing  the  point  under  investi- 
gation to  move  closer  to  the  surface  of  the  rail.  At  the  time  of  failure,  this  point 
was  located  approximately  .12— .16  in.  below  the  surface  of  the  rail,  thus  coinciding 
with  the  location  of  the  maximum  contact  shear  stress  and  thus  pennitting  sube- 
quent  propagation   of  this  defect    ( 2 ) . 
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Results 

Application  of  the  fatigue  analysis  methodology  results  in  a  calculated  fatigue  life 
for  the  rail  in  ser\'ice  subject  to  the  defined  traffic  loading. 

In  Fig.  5,  the  results  of  such  a  fatigue  analysis  are  compared  with  rail  defect 
data  taken  from  two  AAR  test  sites  (10).  These  two  sites  were  laid  with  136RE 
and  119RE  rail  sections  respectively  and  the  traffic  load  spectrum  was  equivalent 
to  the  mixed  freight  on  wood  ties  spectrum  shown  in  Fig.  1.  In  both  cases  the  test 
data,  which  presents  cumulative  number  of  defects  vs.  accumulated  gross  tonnage, 
clearly  shows  a  point  beyond  which  the  number  of  defects  and  the  rate  of  defect 
occurrence  increases  dramatically  (2).  Comparison  with  the  results  of  the  fatigue 
analysis  shows  that  these  points  appear  to  coincide  with  the  calculated  defect 
initiation  points   (Fig.  5). 

Fig.  5  also  indicates  that  tlie  fatigue  life  of  the  rail  is  dependent  on  section 
size.  Further  analysis  of  different  rail  sections  subject  to  the  mixed  freight  on  wood 
ties  spectrum  yields  the  rail  life  vs.  section  size  curve  shown  in  Fig.  6.  These  results, 
which  were  calculated  using  the  fatigue  analysis  methodology,  clearly  indicate 
that  mainline  service  life  increases  with  increasing  rail  section  size  when  both  are 
subject  to  similar  traffic  loading.  This  observation  is  substantiated  by  field  obser- 
vations, such  as  those  indicated  by  Fig.  5,  where  the  ser\ice  life  of  heavier  rail 
sections  is  greater  than  diat  of  lighter  sections. 

Analysis  of  rail  service  life  vs.  section  size  for  different  traffic  loading  shows 
similar  behavior.  As  seen  in  Fig.  7,  under  unit  train  loading,  the  fatigue  analysis 
again  predicts  that  increasing  rail  size  will  result  in  an  increased  rail  service  Ufe. 
However,  increasing  the  severity  of  the  service  loading  from  mLxed  freight  to  unit 
train  loading  ( Fig.  1 )  results  in  an  overall  decrease  in  rail  service  life  for  all  rail 
section  sizes.  This  effect  is  more  clearly  seen  in  Fig.  8,  where  the  fatigue  life  of  a 
136  RE  rail  is  plotted  against  the  nominal  wheel  load.  This  nominal  \\heel  load 
represents  the  largest  static  wheel  load  for  a  given  mix  of  traffic.  The  fatigue  anal\sis 
then  utilizes  the  dynamic  wheel  load  spectra  associated  with  tliat  static  wheel  load. 
The  analysis  shows  that  increasing  the  nominal  wheel  load  results  in  a  significant 
decrease  in  rail  service  life. 

As  mentioned  previously,  the  traditional  criterion  for  the  replacement  of  main- 
line rail  has  been  w^ear.  However,  witli  the  advent  of  increased  wheel  and  traffic 
loadings,  rail  fatigue  has  emerged  as  a  major  replacement  criterion  for  mainline 
tangent  track.  This  phenomenon  is  clearly  illustrated  in  Fig.  8.  In  tliis  figure,  the 
solid  line  represents  the  relationship  between  rail  life  (replacement)  and  nominal 
wheel  load  using  the  AREA  developed  wear  replacement  criterion  (11).  The  dashed 
line  represents  the  wheel  load-rail  life  relationship  calculated  for  the  fatigue  criterion 
presented  in  this  paper.  It  should  be  observed  that  for  traffic  witli  nominal  static 
wheel  loading  greater  than  28,000  lb  (i.e.  greater  than  70  ton  car  scr\ice),  fatigue 
failure  becomes  the  dominant  rail  replacement  criterion.  For  traffic  with  nominal 
static  wheel  loading  less  than  28,000  lb,  rail  wear  is  tlie  replacement  criterion.  This 
appears  to  be  in  agreement  with  experience  in  tlie  field,  where  it  was  found  that  the 
advent  of  100  ton  traffic  resulted  in  fatigue  emerging  as  a  major  rail  replacement 
criterion. 
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Further  examination  of  Fig.  8  shows  a  very  steep  slope  for  the  fatigue  life- 
wheel  load  curve,  thus  suggesting  that  there  are  significant  rail  life  penalties  asso- 
ciated with  increases  in  wheel  loading,  particularly  above  the  70  ton  car  level. 
Additionally,  it  should  be  noted  that  the  presence  of  a  fatigue  defect  in  the  rail 
head  represents  a  potential  safety  problem,  thus  requiring  a  more  prompt  response 
than  that  associated  with   the   traditional  rail  wear  replacement  approach. 

As  can  be  observed  in  Fig.  5,  these  wheel  analyses  have  associated  with  them  a 
wide  scatter  band  due  to  material  variations,  manufacturing  defects,  loading  variation, 
and  scatter  in  the  fatigue  analysis  itself.  Thus,  while  this  data  can  serve  as  a  useful 
guide,  the  actiial  time  to  failure  for  any  given  stretch  of  rail  must  be  approached 
statistically,  as  noted  in   Reference   (10). 

Finally,  the  effect  of  track  support  conditions  on  rail  fatigue  life  is  examined 
in  Fig.  9.  In  this  analysis,  the  track  support  condition  is  represented  by  the  track 
modulus  M  (3),  where  increasing  M  indicates  a  more  rigid  track  support  condition. 
Examination  of  these  results  shows  that  the  basic  rail  hfe-rail  size  relationship 
illustrated  in  the  previous  figures  remains  valid  for  the  different  track  support 
conditions.  Furthermore,  it  appears  that  an  increase  in  track  support  modulus  results 
in  an  increase  in  rail  service  life.  This  effect  appears  to  be  most  significant  for  lighter 
rail  sections.  Thus,  increasing  the  track  modulus  from  1000  to  3000  lb/in. /in.  will 
result  in  a  50^  increase  in  the  life  of  90  lb  rail,  while  132  lb  rail  will  exhibit  only  a 
25%  increase  in  life.  However,  as  we  noted  in  Reference  ( 1 ) ,  rail  fatigue  life  sensi- 
tivity to  track  modulus  is  significantly  less  than  its  sensitivity  to  wheel  load,  rail 
material  property  or  rail  section  size. 


Conclusions 

As  the  present  tiends  toward  heavier  cars  and  increased  wheel  loads  continues, 
fatigue  defect  initiation  emerges  as  a  major  rail  replacement  criterion  for  mainline 
tangent  track.  Analysis  of  rail  fatigue  life  for  varying  wheel  loadings  indicates  that 
there  is  a  significant  rail  life  penalty  associated  \\ith  increasing  wheel  loads,  i.e., 
increased  wheel  loads  result  in  a  shorter  mainline  ser\ice  life,  usually  manifested 
through  an  increasing  fatigue  defect  occurrence  rate.  Thus,  not  only  must  rail  be 
replaced  prior  to  the  time  called  for  using  head  wear  replacement  criteria,  but  the 
potential  safety  hazard  of  the  fatigue  defect  demands  an  immediate  response.  This 
behaviour  places  an  increasing  burden  on  the  track  maintenance  activities. 

Increasing  the  rail  section  size  appears  to  be  an  effective  technique  for  ex"tend- 
ing  the  rail  service  life.  As  shown  in  this  paper,  hea\'ier  rail  sections  have  a  greater 
cumulative  tonnage  capacity  than  lighter  section  under  similar  loading  en\iromnents. 
Flu-thennore,  this  trend,  which  is  corroborated  by  field  obser\ation  and  test  data, 
appears  valid  for  different  loading  en\ironments,  such  as  mixed  freight  and  imit 
train  operations,   as  well  as  for  difterent  track  support  conditions. 

Increasing  the  track  support  condition,  it  appears,  also  results  in  an  increased 
rail  fatigue  life.  This  effect,  which  appears  to  be  most  significant  for  lighter  rail 
sections,  is  additive  to  the  effect  of  increased  rail  section  size.  Thus,  either  or  both 
methods  for  extending  rail  fatigue  life  can  be  utihzed.  However,  it  is  the  proper 
matching  of  the  traffic,  rail  section  size,  and  track  support  conditions  that  will  result 
in  an  efficient  and  cost  effective  maintenance  program. 
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Track  Train  Dynamics  Contributions  to  Rail  Metallurgy 

by  D.   H.   Stone* 

An  extensive  research  effort  into  rail  metallurgy  has  been  going  on  for  the  past 
five  years  as  part  of  the  TTD  program.  The  core  of  this  program  has  been  the 
AREA-AISI-AAR  rail  research  project.  One  phase  of  this  program  was  the  metal- 
lurgical analysis  of  33  carbon-steel  rail  samples  selected  from  service,  31  of  which 
had  service-developed  defects.  The  program  w^as  fomiulated  to  attempt  to  establish 
the  metallurgical  characteristics  that  promoted  the  defects  and  to  establish  possible 
interrelationships  among  these  characteristics,  the  in-location  service  stresses,  and 
the  defects.  Tliis  work  was  perfomied  by  U.  S.  Research  under  contract  with  the 
Ad  Hoc  Committee  on  Rail  Research,  which  is  comprised  of  representatives  of  the 
American  Railway  Engineering  Association  (AREA),  the  Association  of  American 
Railroads  (AAR),  and  the  American  Iron  and  Steel  Institute  (AISI)  Committee 
on   Railroad  Materials. 

The  investigation  showed  that  ( 1 )  all  die  service-developed  defects  in  the  rail 
samples  examined  were  fatigue  cracks  and  (2)  that  in-ser\-ice  fatigue  cracks  initiated 
from  inclusions  having  a  width  of  about  1.0  mil  (0.025  mm).  The  results  of  the 
investigation  showed  that  fatigue-crack  initiation  from  such  small  discontinuities 
occurs  when  the  magnitude  of  the  stress  fluctuations  applied  to  the  rail  head  with 
the  passage  of  each  wheel  is  about  equal  to  the  tensile  strength  of  the  steel.  The 
thin  inclusion  stringers  from  which  fatigue  cracks  initiated  in  the  long-service-hfe 
rails  of  this  study  cannot  be  detected  witli  current  nondestructive  inspection  pro- 
cedures, and  production  of  rails  without  such  inclusions  would  be  economically 
prohibitive. 

The  results  also  showed  that  the  fatigue-crack-propagation  behavior  of  the 
various  carbon-steel  rails  was  essentially  identical,  and  was  independent  of  chemical 
composition  or  mechanical  properties.  Moreover,  the  dynamic  fracture  toughness 
of  these  rails  at  the  minimum  operating  temperature  of  about  — 30 "F  ( — 35" C) 
was  about  25  ksi  Vinch  (27.5  MPa"'""7m),  and  a  significant  increase  in  the  fracture 
toughness  of  the  rails  would  result  in  a  small  increase  in  their  useful  fatigue  life. 
Although  some  increase  in  safety  may  be  gained  by  extending  the  size  of  the 
critical  defect  level  a  correlation  Ijetween  the  metallurgical  properties  of  the  rail 
samples   and   defect  formation   could   not  be  made. 

Overall,  it  is  reasonable  to  conclude  that  the  service  lives  of  the  rails  investi- 
gated would  have  been  longer  if  tlie  inclusions  responsible  for  crack  initiation  had 
not   been  present.''  '* 

Another  project  described  a  fracture  mechanics  model  for  rail  head  transverse 
defects,  specifically  detail  fractures  from  rail  shell.  The  model  is  appplied  to  calcu- 
late the  failure  strength  of  71  rail  segments  which  were  rejected  by  inspection, 
removed,  and  tested  through  three-point  bending  by  the  Association  of  .\merican 
Railroads.  Utilizing  the  defect  measurements  for  each  rail,  reasonable  agreement 
is  obtained  between  observed  failure  loads  and  failure  loads  calculated  from  the 
stress    and    fracture    mechanics    analysis.    The    fracture    mechanics    analysis    is    then 
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extended  to  obtain  prelinn'nary  estimates  of  tlie  fatijj;ue  performance  of  defective 
rails  in  service.  Specifically,  the  crack  tip  stress  intensity  factor  is  calculated  for 
transverse  defects  imder  various  types  of  in-service  loading.  The  fracture  mechanics 
solutions  are  utilized  to  conservatively  calculate  the  remaininjt  lifetime  of  the  rail 
as  a  function  of  defect  size  and  magnitude  of  wheel  load.  Calculations  indicate  that 
the  shear  stress  reversal  experienced  as  the  wheel  crosses  a  transverse  crack  may 
be    the   dominant   stress    component   causing   fatigue   crack   propagation."'  * 

Perhaps  the  most  useful  phase  involved  the  statistical  analysis  of  rail  defects 
data  from  selected  track  sites.''  " 

Six  test  sites  were  selected  for  an  analysis  of  rail  failure  statistics.  The  six  test 
sites  carried  average  annual  tonnages  of  21  to  36  million  gross  tonnes  (MGMT)  (23 
to  40  million  gross  tons  ( MGT )  per  year.  Freight  train  speeds  were  as  high  as  127 
Km/h  (79  mph),  and  a  significant  percentage  of  axle  loads  were  20  tonnes  (32.9 
tons).  Table  I  gives  the  details  of  eacli  site. 

The  data  comprise  1160  rail  failures  and  defects  rejected  during  inspection  of 
tlie  six  test  sites  by  detector  cars  at  least  annually  (usually  quarterly)  and  by  weekly 
visual  inspections.  The  objective  of  the  analysis  was  to  perform  an  engineering 
statistical  analysis  of  the  defect  data  in  order  to  estimate  the  underlying  time-to- 
occurrence  probability  distributions  governing  defect  occurrence,  and  to  compare 
the  defect  occurrence  probability  distributions  for  \'arious  rail  locations,  defect  types 
and  rail  sections. 

Figure  1  shows  die  general  format  of  reducing  and  interpreting  the  defect  data 
provided  by  the  Association  of  American  Railroads  (AAR).  The  independent  vari- 
able plotted  along  the  abscissa  is  the  usage  of  the  rail  in  MCT.  The  dependent 
variable  plotted  along  the  ordinate  is  the  cunmlative  probability,  PD  (MGT),  of 
a  defect  occurring  at  or  before  a  given  value  of  MGT  usage. 

Rail    Usage    Unit 

In  reference  [7],  definition  of  nominal  rail  life  in  tenns  of  gross  tonnage  and 
wear,  rather  than  an  arbitrary  life,  is  recommended.  It  is  evident  that  the  nominal 
rail  life  is  more  appropriately  defined  in  terms  of  usage  and  wear  rather  than  an 
arbitrary  number  of  years;  use  of  the  MGT  parameter  is  obviously  a  step  in  this 
dirertion.  It  is  well  known  that  for  most  wearout  phenomena,  including  fatigue 
crack  initiation  and  propagation,  the  hea\'ier  wheel  load  of  case  ( 1 )  is  far  more 
damaging  to  the  rail  than  the  larger  numiier  of  lighter  loads  of  case  (2).  It  was 
estimated  in  earlier  work  [7]  that  the  crack  propagation  rate  da/dN  is  proportional 
approximately  to  the  fourth  power  of  stress.  This  relationship  suggests  that  an 
effective  usage  parameter,   MGT,ffi..iivs  given  by 


r  ^ 

MCT.»ec..»=.       ''I         rMGT'each    -1 
wheel  |_  wheel  J 

I     loads 


(1) 


could  provide  a  far  better  description  of  rail  damage  and  usage  than  MGT  alone. 
Obviously,  the  use  of  Eciuation  (  1 )  would  re<iuire  a  somew  hat  detailed  knowledge 
of  the  load  spectra  for  the  particular  rail  IcK-ation  l)eing  studied.  Although  significant 
load  spectra  data  are  being  developed,  these  data  are  not  a\ailable  in  time  for 
development   herein   of   a   usage  parameter,   .such   as   MGT,ff,.,  tu...   Therefore,   MGT 
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has  been  chosen  to  characterize  rail  usage  and  wear,  and  it  is  recommended  that  a 
better  usage  parameter,  such  as  given  in  Equation  ( 1 ) ,  be  applied  to  reanalyze  these 
defect  data  in  the  future. 

Plotting    Position 

The  choice  of  the  counting  single  rail  lengths  provides  a  basis  for  normalizing 
the  defect  data  and  a  simple  method  for  calculating  the  cumulative  probability 
plotting  position.  In  this  study,  which  deals  with  the  first  few  percent  of  rail  defect 
occurrences,  the  mean-rank  plotting  position  is  used  for  its  scope  and  simplicit>-, 
as  recommended  by  Gumbel*  in  his  book  on  extreme  value  order  statistics.  The  mean- 
rank,  for  data  with  no  suspended  items,  is  given  by 

PD(MGT)   r=  i/(n  +   1)  (2) 

where  i  =^  the  order  number  of  the  MGT  value  of  the  defect  (that  is  whether  the 
defect's  MGT  occurrence  xalue  is  lowest,  second  lowest,  .  .  .  ,  ith  lowest,  etc. ) 
and  n  is  the  total  number  of  rails  subject  to  a  defect.  Since  the  length  of  a  U.  S.  rail 
is  known  to  be  39  ft,  the  nmuber  of  rails  "n"  in  a  given  rail  test  location  is  com- 
puted easily  from,  n  =  Number  of  track  miles  x  270.8  rails/track  mile. 

The  raw  data  summarized  in  Tables  I  through  III  have  been  plotted  on  proba- 
bility paper,  in  which  a  straight  line  with  positive  slope  indicates  a  WeibuU  life  or 
usage  distribution.  In  general  the  data  are  well  represented  by  the  Weibull  distri- 
bution lines. 

The   two-parameter    Weibull   distribution   is   represented   by   the   equation 
PD(MGT)   =   1  -  exp  [—   (MGT/;3)a]  (3) 

MGT,  i3,  a  ^  0 

where 

PD(MGT)   =  Probability  a  rail  will  have  a  defect  before  undergoing  usage, 
MGT. 
/3  =   Characteristic    (approximately,   mean)    usage  required  for  a   de- 
fect. P  corresponds  to  the  MGT  value  at  which  .632  ( i.e.,  1  — 
e"' )   of  the  rails  will  contain  a  defect, 
a  =r   Weibull   shape,   slope,   or   scatter   parameter. 

The  data  have  been  reduced  to  six  plots  given  in  Figures  2  through  7.  The 
data  in  each  figure  have  been  fit  graphically  with  a  straight  line  representing  a 
best-fit  Weibull  distribution  and  another  straight  (broken)  line  of  scatter  parameter 
representing  the  best  o\erall  fit  for  slope  for  all  six  probabilit>-  distributions  taken 
as  a  group. 

The  defect   occurrence  or  "failure"  rate  can  be  calculated  from   (3)   as 

X  (MGT)  =  ^ _d  (PD  (MGT))  ^^^ 

^  ^  1  -  PD   (MGT)  d   (MGT) 

so  tliat 

X   (MGT)  =     °      MGT  '^  -'  (5) 

pa 
Thus,  since  a  —  1  ^  2.6,  the  defect  occurrence  rate  X  increases  rapidK   w  ith  usage, 
with  X  proportional  to  (MGT)"". 

It  is  of  spcK-ial  interest  to  compare  the  Santa  Fe  #1  with  die  SiUita  Fe  #2 
defect  probability  distribution  because  as  previously  mentioned,  the  train  make-up 
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and  other  rele\ant  factors  for  the  two  rail  test  sections  are  (luitc  comparable  witli 
the  exception  tliat  the  Santa  Fe  #2  section  uses  rail  of  weight  119  lb/yd  while  the 
Santa  Fe  #1  section  uses  a  rail  of  weight  136  lb/yd.  It  is  hypotliesized  diat  die  life 
(in  years)  required  for  defect  occurrence  should  be  inversely  proportional  to  the 
stress  level  to  the  power  p  where  p  =  4.  This  concept  is  also  given  in  reference  [9] 
which  iLsed  a  model  which  is  analogous  to  roller  bearing  data  to  derive  a  similar 
in\erse  proportionality  between  life  usage  and  stress  with  the  exception  that  p  = 
3.33   rather   than   4.0. 

Since  the  section  modulus  and  moment  of  inertia  of  the  119  lb/yd  rail  are 
86%  and  82%  of  the  corresponding  properties  of  the  136  lb/yd  rail  (see  reference 
[10]),  it  follows  that,  on  average,  the  bending  stresses  in  the  119  lb  rail,  detennined 
from  beam-on-elastic-foundation  theory,  would  be  approximately  110.5%  of  the  136 
lb  rail  bending  stresses.  Thus,  if  bending  stresses  govern  the  growth  of  defects,  the 
following  life  relationship  should  be  true. 

^'^^^'^'    =     ^^^'"''    =    (1.105)'  =   1.49 
Lifeiii,  LifesK- 

This  ratio  is  in  agreement  with  the  1.4-1.5  ratio  of  the  SFl  and  SF2  lives  obserxed 

in  Figures  6  and  7.  This  does  not  in  itself  imply  that  bending  stress  has  more  effect 

on   rail  performance   dian  other  stresses:   The  use  of  p  =  4  may  be  in  error,  the 

assumption  that  SFl   and  SF2  are  equivalent  except  for  rail  weight  may  be  wTong, 

and/or   other   stresses    (e.g.,    contact)    may   vai-y   with    rail   weight   similarly   to   the 

bending  component.  Therefore,  further  work  should  be  done  to  test  the  hypothesis 

in  reference   [11]    tiiat  life  is   governed  by  contact  and/or  residual  stresses  rather 

than   bending   stresses   using   three-dimensional   stress   analysis   as   in  reference   [12], 

lor  the  two  rail  weights. 

Conclusions 

1.  The  probability  distribution  of  occurrence  of  rail  defect,  as  a  function  of 
rail  usage  measured  in  millions  of  gross  tons  (MGT)  of  traffic  is  well  fit  by  tlie 
untruncated  two-parameter  Weibull  distribution,  except  for  occasional  early  (first 
of  ten   thousand   rails)    defects. 

2.  For  the  six  Union  Pacific  and  Santa  Fe  Raiboad  rail  l(Kations  in\estigated, 
there  is  a  five-fold  or  less  difference  in  cumulative  percent  of  defective  rails  at  a 
given  value  of  MGT   (200  <  MGT  <  650). 

3.  Similarly,  there  is  a  two-fold  or  less  difference  in  life  (MGT)  recjuired  for 
a  given  cumulative  percent  of  defective  rails  among  the  six  rail  locations. 

4.  The  above  differences  in  rail  defect  rates  and  lives  among  the  six  rail  loca- 
tions are  statistically  and  economically  significant,  but  are  not  extremely  large. 

5.  The  rail-to-rail  life  variation  within  any  of  the  six  rail  locations  is  surprisingly 
small.  The  estimated  a\erage  value  of  Weibull  slope  or  scatter  parameter  of  a  =  3.6 
corresponds  to  a  standard  deviation  of  life  (logio  MGT)  of  S  =  0.16.  The  0.16 
value  lies  between  typical  values  for  steel  specimens  (under  constant  amplitude  and 
carefully  controlled  laboratory  loads)  of  S  =  0.11,  for  crack  propagation,  and 
S   =   0.20,   for   crack   initiation   life  variations. 

6.  Since  failed  (i.e.,  rupture)  rails  and  rejected  rails  covild  not  be  analyzed 
separately,  it  cannot  be  determined  whether  the  trends  of  low  life  scatter  and  rapidly 
increasing  defect  rate  are  ( 1 )  real  manifestations  of  the  rail  fatigue  life  phenomena 
or  (2)  artifacts  of  the  inspection  procedures.  Therefore,  a  separate  analysis  of  failed 
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and  rejected  rails  is  recommended  to  determine  whether  or  not  failure  and  rejection 
rates  are  increasing  simultaneously. 

7.  The  trend  of  low  rail-to-rail  life  scatter,  if  extrapolated  to  future  performance 
indicates  that  the  defect  rate  will  increase  at  least  ten-fold  before  the  rails  reach 
a  projected  useful  life  of  60  years. 

8.  More  detailed  load  and  stress  data  should  be  obtained  in  future  studies 
since  such  data  may  explain  most  differences  in  rail  location  performance  observed. 

9.  The  dependence  of  the  rate  of  derailment  per  rail  failure  on  such  parameters 
as  defect  type,  defect  proximity,  and  train/ track  features  is  not  well  understood 
and  should  be  included  in  future  analysis  of  rail  performance. 

10.  Future  studies  should  include  rail  locations  \\'ith  greater  differences  than 
the  six  studied  herein. 

11.  Shell-initiated  transverse  defects,  also  called  detailed  fracture  shells  (DFS), 
make  up  nearly  tliree-quarters  of  the  total  defects  observed  for  the  six  rail  locations. 
The  six  rail  locations  considered  consist  of  post-1956  rails  only  and  apparently  are 
not  typical  of  older  rails  or  non-heavily  used  main  lines  in  which  defects  other  than 
DFS   occur  most  frequently. 

12.  It  is  possible  to  apply  the  risk  analysis  and  crack  grow  tli  models  developetl 
in  ( 1 )  to  produce  simulated  rail  defect  data  which  is  a  close  match  of  the  actual 
data  analyzed  in  this  report.  This  is  accomplished  by  reducing  preliminary-  estimates 
of  initial  defect  size  (by  a  factor  of  2.5)  or  by  including  an  estimate  of  the  usage 
required  to  initiate  fatigue  cracks  from  metallurgical  defects  in  the  model. 

.•Ml  of  the  preceding  data  is  being  used  to  assess  the  effects  of  broken  rails 
and  improved  inspection  strategies  and  a  number  of  preliminary  conclusions  have 
been  reached." 

1.  Defective  rails  at  this  time  are  a  significant  economic  problem,  not  a  sig- 
nificant safety  problem.  The  impact  of  defective  rail-induced  derailment  in  terms 
of  personal  injuries  is  quite  small,  representing  only  0.15%  of  die  injuries  that  occur 
on  railroads. 

2.  The  damage  costs  from  defective  rail-induced  derailments  while  a  significant 
factor  in  absolute  teniis  represents  only  a  small  fraction  ( approximateK'  25? )  of  the 
total  costs  associated  with  defective  rail.  The  major  costs  are  associated  with  replacing 
broken  and  defective  rail,  and  tlie  costs  of  detector  car  and  track  inspections  to  find 
broken   and   defective    rail   before   they   lead   to   derailments. 

3.  There  has  been  a  rapid  increase  in  the  frequency  of  defective  rail-induced 
derailments  in  tlie  last  few  years  ( approximately  200%  o\  er  the  last  ten  years )  and 
such  a  rapid  increase  is  predicted  by  our  model  of  the  rail  defect  growth  prtx^ess 
as  the  average  age  of  the  rail  increases. 

4.  There  has  not  I)een  a  correspondingly  rapid  increase  in  the  frequency  of 
rejected  and  broken  rails.  It  is  also  evident  that  less  than  one  rail  in  a  hundred 
broken  rails  leads  to  a  derailment  of  a  train.  These  facts  suggest  that  c^ertain  critical 
track  or  train  features  are  required  in  addition  to  tlie  defective  or  broken  rail  before 
a  derailment  will  occur,  and  that  the  increased  derailment  rate  must  be  attributed 
to  either  an  increased  frequency  of  these  critical  features  or,  more  likely,  to  the  fact 
that  rails  in  the  \  icinity  of  critical  track  features  are  further  into  the  wear-out  stage 
than  the  typical  rail. 
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5.  The  rail  defect  inspection  programs  ( both  detector  car  and  routine  track 
inspections)  are  reasonably  successful  at  pre\enting  rail  defects  from  causinji  derail- 
ments. It  is  evident  that  these  programs  catch  the  great  majority  of  defective  and 
broken  rails  before  they  lead  to  derailments  and  that  without  such  programs  the 
derailment  rate  and  defective  rail  costs  would  be  many  times  the  present  experience. 
However,  the  potential  exists  for  more  cost-effective  defective  rail  derailment  control 
if  the  critical  track  and  train  derailment  features  can  be  identified,  corrected  and  the 
detector  car  and  routine  track  inspection  modified  in  consideration  of  the  critical 
track  features. 

6.  Advanced  detector  car  systems  have  been  suggested  as  a  means  of  controlling 
the  defective  rail  problem.  It  is  evident  that  any  such  approach  to  have  a  significant 
positive  impact   must  reduce,   not  increase   the  inspection  costs. 

7.  The  maximum  reduction  over  tlie  present  defect  control  program  in  defective 
rail  costs  that  can  be  expected  from  advanced  detector  cars  or  a  combined  defect 
and  critical  deraiLnent  feature  control  is  on  the  order  of  50%  since  neither  approach  is 
likely  to  significantly  reduce  the  defective  and  broken  rail  replacement  rate. 

8.  It  is  demonstrated  in  this  program  that  tlie  rail  failure  and  rejection  rates  are 
quite  sensitive  to  modifications  in  the  stress  spectrum.  For  example,  the  removal 
rate  can  be  decreased  by  reducing  the  nominal  axle  loads.  However,  there  may  be 
significant  economic  penalties  in  doing  so.  It  may  also  be  possible  by  controlling 
certain  track  and  train  features  that  amplify  the  nominal  wheel  loads,  tliat  a 
significant  reduction  in  the  rail  failure  and  rejection  rates  can  be  achieved.  These 
questions  cannot  be  fidly  explored  until  defect  growth  mechanisms  are  quantitatively 
understood  and  the  track  and  train  features  which  contribute  to  the  stresses  are 
better  identified.  However,  stress  spectrum  control  in  conjunction  with  modifications 
of  the  inspection  procedure  in  consideration  of  the  stress  control  may  ha\'e  potential 
for  defective  rail  costs  reductions  well  in  excess  of  50%  on  a  relatively  short  time 
scale. 
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ASTM  STP  644. 

12.  G.   C.   Martin   and   W.   W.   Hay,  "The  Influence  of  Wheel-Rail  Contact  on  the 
Formation  of  Rail  Shells,"  ASME  Paper  72-WA-RT-8,  November,  1978. 


TABLE    I 
SUMMARY    OF    RAIL    DEFECT    TEST    SITES 

Number 
Site     Length      Rail  Age      Total   Traffic      Rail   Weight  of  Defect 

Code        km  mi  yrs  MGMT     MGT  Kg/m     lb/yd      Defects        Rate 

Union   Pacific 

Nebraska   Division      UPl  94.9        59.0  19  529        583  66  133  237  6.9 

East    Bound 

Union   Pacific 

Nebraska   Division     UP2         100.9        62.7  18  369        407  66  133  210  8.2 

West    Bound 

Union  Pacific 

Nebraska  Division   UP2A   82.2    51.1      19      614   677     66     133     427     12.3 

West  Bound 

Union  Pacific 

Wyoming  Division   UP3    87.5   54.4     8-20     360    397     66     133     114      5.3 

East  Bound 

Santa  Fe 

New  Mexico         SFl    35.9    22.3      16      581    640     68     136      35      2.5 

Division 

Santa  Fe 

Los  Angeles        SF2    46.8   29.1      16      467   515     59     119     133      S.9 

Division 


Address  by  D.  H.  Stone 


535 


4-) 

c 

(U 

o 

fNJ 

M 

Cl4 

(U 

tn 

a< 

o 

-p 

•H 

V^ 

to 

0) 

■^ 

3 

:z 

o         -^        ^-^ 


■P 

2 

C 

M 

a 

c 

rg 

rH     U 

fa 

h     d 

m 

m  & 

Q 

0) 

2 

-p 

rt: 

-H    ^ 

C/3    0) 

.H 

XI 

h 

e 

Ui 

3 

2 

W 

w 

H 

(N  >—  ■— 


o 

(0 

-p 

4J 

,— 

^^ 

0 

in 

o 

w 

Eh 

c 

1— 1 

c 

_^ 

0 

r-l 

0 

(0 

t^ 

Eh 

c 
o 

r— 1 

U) 

o 

E^ 

ro 

0) 

iH 

iH 

c 

rH 

' 

0 

' 

W 

&H 

0} 

c 

(D 

QJ 

c 

C 

cri 

C 

0 

C 

.— 1 

c 

E^ 

0 

fH 

0 

Eh 

O 

fH 

■P 

o> 

-P 

o 

x: 

rH 

o 

en 

rH 

o 
o 

-H 

•H 

A 

rH 

V 

s 

W 

to 

tn 

i^ 

^^ 

>-l 

U 

^^ 

TO 

(0 

tC 

fC 

Eh 

U 

U 

U 

u 

QJ 

U-l 

>4-( 

>4H 

-— ' 

tr 

0 

o 

0 

Eh 

r. 

(0 
0) 

d 

o 

o 

u 

> 

z 

z 

z 

s 

< 

536 


Bulletin  673 — American  Railway  Engineering  Association 


— <         r-i 


05 

O 

O 

u 

fn 

w 

.-H 

■o 

u 

to 

(0 

04 

U 

OJ 

Eh 

c 
o 

X  ^ 
X 

N 

u  c/^ 

•r4 

•H  ac 

E-< 

u 

M 

u 

o 

D. 

M 

H 

X 

ir. 

M 

fa 

a 

a 

a 

•V 

ij 

■ — 1 

a 

< 

o 

o 

CO 

Eh 

4-1 

4-1    > 

D 

u 

w 

(I) 

.-1 

B 

> 

o; 

o 

04 

H 

0) 

PS 

0 

CO  pa 

CD 

OJ   33 

u 

4J 

u  pa 

o 

I-l 

pa  v-' 

z 

0 

CiJ 

« 

o; 

D 

-a 

0) 

u 

OJ 

)-l 

3 

^    C/2 

u 

•r-( 

4J 

0)    pt, 

o 

rj 

O 

X  Q 

4-1 

« 

C/2  ^^ 

[JLi 

01 

>-. 

o 

Q 

4-1 

Di 

o 

C 

W 

111 

HI 

D 

Q 

2 

— .  vC  — ' 


^^ 

M 

<U 

i-l 

c 

ja 

o 

« 

•H 

-1  H 

4-1 

O 

n 

^     01 

(J 

E    W 

f, 

>,U3 

J 

CO  ^-- 

CO  ^- 


I 


Address  by  D.  H.  Stone 


537 


0.99 

0.9 

0.63; 


10 


-4 


Data  Display  and  Plotting  Procedure: 


1)  MGT  Values  at  Defect  Occurence  are 
Plotted  at  the  Mean  Rank  Plotting 
Position  PD(MGT)  =  i/(n+l).  Where 
i  =  MGT  Order  Number  and  n  =  Number 
of  Rails  in  Test  Section. 

2)  A  Form  of  Weibull  Paper  is  Used 

3)  Best-Fit  Straight-Line  Weibull 
Distribution  is  Estimated  by  Eye. 
Very  Early  Failures,  if  any,  are 
Treated  as  low-MGT  Outliers  and 
Ignored  When  Drawing  the  Line. 


Weibull  Distribution 
PD(MGT)  =  l-exp(-(M6T/S)  ') 


3,  in  this  example 


r  =  1740  MGT 


10         100 
Rail  Usage,  MGT 


1000 


'ig.  1  -  Schematic  Description  of  Rail  Defect  Data  Reduction 
and  Display. 
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100  1000 

Rail    Usage,  MGT 


10.000 


Fig.  2  -  Cumulative  Probability  Distribution  for  Defects  at  the  Union 
Pacific  #1  Location. 
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Fig.  3  -  Cumulative  Probability  Distribution  for  Defects  at  the  Union 
Pacific  #2  Location. 
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e  =  2160  MGT 

a  =  2.9  line  (best  individual  fit) 

a  =  3.6  line  (best  overall  fit) 


10 


100  1000 

Rail  Usage,  MGT 


10.000 


Fig.  4  -  Cumulative  Probability  Distribution  for  Defects  at  the  Union 

Pacific  #2A  Location. 
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Fig.  5 


Cumulative  Probability  Distribution  for  Defects  at  the  Union 
Pacific  *3  Location. 
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Fig.  6  -  Cumulative  Probability  Distribution  for  Defects  at  the  Santa 
Fe  #1  Location. 


Addres.s  by  D.  H.  Stone 


543 


9999 

^-'—zz 

^.n^—-- 

— -^ 

— 



I  --'■"-- 

— - 

--■--■ 



\f^ 

=-•■ 

^ 







— 





fj 

995 

95 

9 

8 



— 

- 





_._ 

-- 

# 

/ — 



1 

1 

-1 



_ 

^ 

r-= 

—~ 

u 

-^—-z- 



632 

5 

_. 





II 

— 

~- 



1 

il 
'j 

2 



i' 

f 

1 
05 

10-2 

1 

1 

■  ■ 

/ 

1 

f 

i 

in-"* 

1 

1 

1 
1    1 

1    i 

1 
1 

i 

i 

! 

i 

1 

,  { 

IT 

i 

r      !     i 
!     1 

i 

i 

in-^^ 

n/ 

e  =  1440  MGT 

a  =  3.9  line  (bes 

a  =  3.6  line  (bes 

t  individual  fi 
t  overall  fit) 

1 

t)! 

] 

lU 

// 

i   1 

t   1 
■   1 

1 

1  1 

in-5 

i 

/ 

f/ 

1 

i 

IT     1      1      ; 

111; 

10 


100 


Rail  Usage.  MGT 


1000 


10.000 


Fig.  7  -  Cumulative  Probability  Distribution  for  Defects  at  the  Santa 
Fe  #2  Location. 
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A  COMPLEX 
CROSSING 


%, 


This119lb.  R.E.  rail 
complex  crossing, a  crossing 
within  a  crossing,  is  an  example  of  the 
highly  technical  engineering  and 
craftsmanship  developed  by  Nelson  Iron 
Works  to  meet  industrial  railroad  track 
requirements. 

We  specialize  in  the  manufacturing  of 
railroad  track  material,  such  as  frogs,  switches 
and  crossings. 

Complete  Trackwork  Catalog  available  on 
request  ^ — -  no  obligation. 


INEISON, 


mom  wtroJtKS.  jure. 


Mailing  address:  P.O.  Box  80816,  Seattle,  Wa.  98108 
3423  Thirteenth  Ave.  S.W.,  Seattle,  Wa.  98134 
Telephone:  (206)  623-3800 
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Advertisement 


LORAM'S  ALL  AMERICAN 

TRACK  TEAM 


Modern 
Maintenance 
of  Way 
Equipment 

...designed 
to  do  the  job 
better,  easier 
and  at  less  cost 

—  with  your 
men 
or  ours  — 

in  record  time! 


^^^^^^^^^Sl  MULTI-PURPOSE  MACHINE 


AUTOTRACK  WITH  PLOW  AND  SLED 

THE  WINNING  TEAM  FOR  TRACK  REHABILITATION  PROGRAMS 
LORAM  RAILWAY  MAINTENANCE  EQUIPMENT  FOR: 

•  Shoulder  Ballast  Cleaning  •  Raising  Track  •  Resurfacing  • 
Reballasting  •  Replacing  Ties  •  Undercutting  •  Ballast  Cleaning 

•  Crib  Skeletonizing  •  Rail  Grinding  Single  or  Multiple  track  • 
Mainline  or  Yard  tracks 

CONTRACT,  SALE  or  LEASE 


FOR  FULL  DETAILS 
OR  SHOWING  OF 
OPERATING  FILMS 
WRITE  OR  CALL  TODAY 


LORAM  1  MAINTENANCE  OF  WAY,  INC. 


3900  Arrowhead  Drive  •  Hamel.  MN  55340  US  A 
PHONE:  (612)  478-6014  •  TELEX:  29-0391:  Cable.  LORAM 


Advertisement 
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Plasser  leads  the  way 

in  track  maintenance  technology 


A  tamper  for  every  job— 
engineered  for  a  specific  purpbse 

The  ROADMASTER  SPECIAL  is  Plasser  s  answer  to 
your  production  tamping  needs.  Featuring  proportionate 
surfacing  and  one-ctiord  lining  system.  Sigtiting  distance 
designed  to  be  the  most  ideal  error  reduction  for  both  lining 
and  surfacing. 

Durable  ballast  compaction  with  Plassers  non- 
synchronous  vibratory-squeeze  tamping  with  adjustable 
squeeze  pressure — insures  uniform  compaction  under  any 
track  condition. 

Plasser  s  standard  four  point  roller  clamp  lifting  system  is 
automatically  controlled  by  a  servo-valve  wire  lifting  and 
leveling  device,  an  electronic  pendulum,  and  an  electroni- 
cally operated  super  elevation  dial  The  amount  of  lift  is 
controlled  so  as  to  keep  the  servo-valve  at  zero,  guaran- 
teeing not  to  hump  track. 

No  outside  jacks  are  used,  all  lifting,  leveling,  and  lining 
takes  place  between  two  loaded  axles  Extremely  advan- 
tageous on  CWR. 

Lining  with  Plasser  s  one-chord  system  is  automatically 
performed  whether  in  tangents,  curves  up  to  14°  or  working 
to  fixed  points.  Previous  plotting  is  not  necessary 

The  "Special"  can  be  equipped  with  a  multi-tamp  device 
that  holds  the  track  at  the  working  lift  tor  multiple  insertions. 
if  necessary,  until  index  is  initiated. 


PLASSER  AMERICAN  CORP. 

2001  MYERS  ROAD.  CHESAPEAKE.  VA.  23324 

,  804  .  S4,^  3'^?fi 


Roadmasler  "Special."  production  tamping  wilti  proportionate  surfaang 
and  one-chord  lining  system.  Features  non-synchronous 
vibralory-squeeze  tamping  pnnciple,  automatic  tour  point  roller  clamp 
lifting,  and  electronic  pendulum  and  super-elevation  dial.  Lilt  is 
controlled,  keeping  servo-valve  at  zero,  guaranteeing  not  to  hump  track 


We  have  more  technical  Information  available  on  the 
ROADMASTER  SPECIAL.  Write  us,  or  call,  we'll  send  It  right 
away.  Or  a  demonstration  can  t>e  arranged.  (804)  543-3526. 


544-4 


Advertisement 


These  "Proven-ln-Service"  Products 
^^-^^  Can  Put  Savings  And 
"^  ^^^       Success  In  Your 

-  Track  Programs 


PAT  NO,  3,201.046 

THE  RELIABLE 
"BLUE  "  VULCA-BOND 
INSULATED  RAIL  JOINT 

features  specially  formulated 
high  dielectric  rubber  durably 
bonded  to  steel  bar,  including 
bolt  holes,  eliminating  the 
need  for  separate  sleeves.  Built 
with  quality — tested  to  last 
and  backed  by  experience. 
They're  easier  to  install,  easier 
to  maintain,  and,  when  repair- 
ing accident  damaged  track, 
you  are  back  in  service  faster 
with  Blue  Vulca-Bond  Joints. 
Available  in  a  full  range  of 
popular  rail  weights. 


END   POST 

made  of  tough,  durable  molded 
Polycarbonate. 


TOUGH  AND  RUGGED  RUBBER 
FIBER  INSULATED  TIE  PADS  com- 
bine rubber  with  fiber  for  resiliency, 
strength  and  toughness.  Noise  and 
shock  absorbing  with  excellent  resis- 
tance to  weathering,  compression  set. 
Sizes  in  a  full  range  of  rail  weights. 


iNCOBPORAiriJ 


Write  or  Call  for  Catalogs 

RAILROAD   DIVISION 

The  Johnson  Rubber  Company 

16025  Johnson  St-         Middlefield.  Ohio  44062  U  S  A  Area  Code  216  632-1611 

■TM    Reg  PRINTED  IN  U  S  A  6-305-179 


I 


Achertisement 


Square  Pattern 

Size  Range: 

V4"-10thru  1V8"-6 


Heavy  Hex  Pattern 

Size  Range: 

Vg"-16  thru  4"-4 


SECURITY  Railoc  Locknuts 

assure  "Fail-Safe"  Railroad  performance! 


Our  unique  Spring  Steel  locking  insert  grips  and 
locks  the  bolt  TIGHTLY— where  other  devices  FAIL! 


SECURITY  Locknuts  are  made 
specifically  for  use  on  track,  switch- 
es, bridges,  frogs,  scales,  retarders, 
diamonds,  and  othier  railroad  ap- 
plications. Plated  finlsfies  and  spe- 
cial alloys  are  available  for  use  at 
locations  subject  to  unusual  corro- 
sive conditions. 

SECURITY  Locknuts  are  manu- 
factured in  compliance  witfi  Asso- 
ciation of  American  Railroad  Spe- 
cification M-922-68,  as  well  as 
IFI-100  Fastener  Standards. 

Stocked  IN  DEPTH 
for  immediate  delivery 


•  Absolutely  Vibration-Proof 

•  Heat-Resistant  to  750°F 

•  Unlimited  Reusability 

•  Lowest  Maintenance  Cost 

•  Resist  Corrosion,  Severe  Cold 

•  Rugged  All  Metal  Construction 


SECURITY 

LOCKNUT  INC. 


9134  Belden  Ave. 
Franklin  Park,  III.  60131 
Phone:  (312)  455-0551 


L  R  S 
Continuous  Welded  Rail 

We  will  furnish  everything  for  Cropping  and  Welding 
All  we  need  is  a  level  site  and  a  pile  of  rail 


LEWIS  RAIL  SERVICE  COMPANY 

1949  Green   Road  Cleveland,  Ohio  44121 

(216)   486-7583 
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Advertisement 


The  One  Shot  Automatics 


Model  ESTDAG  features  ihe  TofS*oo  Beam.  Delia 
Levelling  System  an<3  Aulo-GrapMi^ef  A  (otiy  auio- 
matrc  16  tool  tamper  Ifiat  can  lamp,  lift  and  line  a 
switch  with  only  one  operaTOf 


lever  operates: 


Model  E-JDAG  features  shoulder  jacks.  Delia 
Levelling  System  and  Auto-Graphlmer  A  one 
operator  fully  automatic  16  tool  production  tamper  for 
track  maintenance  and  new  construction 


Lifting  & 
lining 

Forward 
travel 


Ail  in  sequence — Automatically 


Ease  of  operation  through  automatic  control 
insures  the  highest  consistency  and  uniformity  in 
tamping,  levelling  and  lining. 

The  MARK  II  SERIES  TAMPER 
Models  of  simplicity. 

ONE  OPERATOR— ONE  CONTROL 

Additional  information  from 


©ANRON 


RAILGROUP 

HEAD  OFFICE  &  PLANT-2401  Edmund  Rd.. 
West  Columbia  (Columbia),  S.C.  29169 
803/794-9160 


i 
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COSTAIN  CONCRETE 

OF  THE  UNITED  KINGDOM 

CON-FORCE  COSTAIN 

OF  NORTH  AMERICA 

READYMIX  COSTAIN 

OF  AUSTRALIA 

Have  Participated   In  The  Supply  Of  Prestressed  Concrete  Ties  To 

Canadian  Pacific  Ltd. 

Chessie  System 

FRA  FAST  Track 

Norfolk  &  Western  Ry.  Co. 

Atchison,  Topeka  &  Santa  Fe  Ry.  Co. 

Toronto  Transit  Commission 

New  South  Wales  Railways,  Australia 

Iranian  State  Railways 

Spanish  National  Railways 

Hong  Kong  Government 

London  Transport,  U.K. 

And  Are  Supplying 

1.5  Million  Ties  To  Canadian  National   Railways 
250,000  Per  Year  to  Australian  National  Railways 
750,000  Per  Year  To  British  Rail,  To  Whom  Over 
12.0  Million  Ties  Have  Already  Been   Delivered 


jUJujIdI^ 


Ud 


m 


[ffi 


Head  Office: 


1000   Alberta   Place 
1520 — 4   Street,   S.W. 
Calgary,  Alberta 
Phone  (403)   264-1590 


Costain   Concrete   Co.    Ltd. 

Dolphin  Square 

London   SW1V   3PR   U.K. 


Readymix   Cotlain    J.V. 
G.P.O.    Box    1798 
Adelaide   5001    Aust. 
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FINALLY,  THE  ALL-PURPOSE  CROSSING 
SYSTEM...FROM  TRUE  TEMPER. 


END  CAPS    lock  and  secure  field 
and  gauge  side  modules  ai  t»tn  efxls 

of  crossing  installation 


GAUGE  SIDE  MODULES    fully 
supported  to  provide  a  smootti  nde 
for  vefiicular  traffic 


FIELD  SIDE  MODULES  provide 
level  approacfi  to  apron  and  road 
surface 


CONTOUR  MOLDED-  to  (it  rail 
profile  and  provide  maximum  seal 
and  minimum  contamination  on  field 
and  gauge  sides 


SECURE  heavy  duty  bolts  provide 
solid  installation  and  eliminate  shift, 
creep  and  lifl 


ENGINEERING  FABRIC  -      ,    ,, 

acts  as  barrier  to  sand  and  fine  soil     \  I' ',} 
particles  to  keep  rock  ballast  clean 
and  promote  even  and  continuous 
drainage  the  length  of  the  crossing 


ENGINEERING  FABRIC 

aids  soil  stabilization  and  equal 
distribution  of  crossing  traffic  loads 


After  more  than  five  years  of  research,  development  and 
experience  In  the  field,  we  have  designed  and  engineered 
a  modular  grade  crossing  system  ideally  suited  for  all 
crossing  situations  . . .  rural,  urban  and  industrial. 

The  True  Temper  modular  grade  crossing  system  is  con- 
structed of  an  extremely  uniform,  high-density  polyethelene 
structural  foam,  that  is  pressure  molded  to  exacting  dimensions 
and  rigid  quality  standards  It  features  integrally  molded  flange- 
ways  on  the  gauqe  side  modules  with  a  compensating  recess 
on  field  side  modules  for  worn  wheels  In  addition,  it  does  not 
require  modification  at  the  site,  and  is  suitable  for  use  on  tan- 
gent track  as  well  as  curves  for  all  rail  sizes 

The  True  Temper  system  is  strong  easy  to  Install  requires 
minimum  maintenance  .  stands  up  to  all  kinds  of  weather, 
wear  and  heavy  crossing  traffic  volume  and  is  easily  adapt- 
able to  your  particular  installation  requirements 


A  WILKINSON  MATCH  GROUP  COMPANY 


For  detailed  information  and  technical  data  atxjut  True 
Temper  s  modular  grade  crossing  systems  fill  out  the  coupon 
or  call  us,    ,(216)696-3366 

I 

MAIL  TODAY! 

I  want  to  find  out  more  alxiut  crossing  systems 

fvlail  information  and  literature 

Have  a  representative  can 
True  Temper  Corp.,  Railway  Appliance  Division 

1 623  Euclid  Avenue,  Cleveland  Ohio  4J 1 1 5 

Name 

Title 

Company 

Address 

City 

Slate Zip 


Telephone . 


Represented  in  Canada  by  Vale  Enterprises,  Ltd..  3/5  Bord  du  Lac,  Dorval,  Quebec.  H9S  2A5.  tel:  (514)  636-1026 


Ad\'ertisement 


544-9 


'"^'^St^!-'—'     'is- 


.*-W 


The  Ever-Dependable  Wood  Crosstie 

(Good  news  down  the  line) 


In  this  world  o(  shrinking  natural 
resources,  it's  comfonmg  to  know 
there's  at  least  one  resource  that  is 
literally  growing   The  proven, 
dependable  wood  crosstie   We're 
growing  them  faster  than  we're 
using  them 

It's  a  good  thing  On  down  the  line, 
we'll  need  30  million  new  crossties  a 
year  to  keep  America  rolling  That's 
a  pretty  tall  order  But  Man  and 
Nature— working  together— began 


filling  it  years  ago 
In  the  century  and  a  hall  since 
crosstie  technology  emerged  from 
the  stone  age.  modern  improvements 
in  drying  and  treating  wood  have 
extended  the  average  lite  of  the 
crosstie  five  told  from  about  six 
years  to  30  years  and  up 
Today,  the  modern  wood  crosstie 
lasts  longer  than  it  takes  to  grow  a 
tree  big  enough  to  make  one  or 
more  new  crossties 


Nature  is  doing  her  part,  too 
Hardwood  growth  now  exceeds 
annual  cutting  by  more  than  75%, 
And  that  inventory— especially  in 
crosstie-size  trees— is  increasing 
American  Commerce  has  a  lot 
riding  on  the  strength  and  growth  of 
the  Nations  Railroads  And  our 
Railroads  can  bank  on  the  ever- 
dependable  wood  crosstie  to  carry 
Its  share  of  the  load   Right  down 
the  line 

Koppers  Company.  Inc. 
Pittsburgh,  PA   15219 

KOPPERS 

Architectural  and 
Construction  Materials 
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One  complete  service. 
Lowest  cost  per  mile. 


*  A  complete,  objective  test 
of  each  rail  from  end  to  end. 

it  Simultaneous  ultrasonic  and 
induction  detection  methods. 

*Sperry  far  surpasses  every  other 
rail  testing  service  in  efficiency, 
thoroughness  and  research. 

^One  mileage  charge  pays 
for  everything. 

*The  lowest  real  cost  per  mile 
and  per  defect  found. 

Details  and  technical  assistance  on  request. 


>l 


AUTOMATION  INDUSTRIES,  INC. 
SPERRY  RAIL  SERVICE  DIVISION 

SHELTER  ROCK  ROAD 
DANBURY.  CONNECTICUT  06810 
(203) 748-3581 


J 
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ESCO 


*  Tie   Handlers,  Anchor  Cribber 

*  Portable  Rail   Grinders 

*  Rail  Saws — Drills  and  Anchor  Applicators 

*  Rail  Testing  Equipment 

*  Rail   Lubricators 

*  Boutet — Thermit  Rail  Welds 

*  Cranes — Draglines  and  Shovels 

*  Tie  ond  Bridge  Pads 

*  Grinding  Wheels 

*  Hydraulic  Testers  and  Conditioners 

*  Portable  Alternators  and  Light  Plants 

ESCO  -  EQUIPMENT  SERVICE  COMPANY 

80  E.  JACKSON  BLVD.  CHICAGO,  ILL.  60604 
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We've  been  working  on 
Line  Clearances 


so  you  can  work  a  little  easier 

Let's  face  it . . .  routing  of  oversized  and  overweight  shipments  is  a  compli- 
cated business.  To  help  you  uncomplicate  it,  here's  the  all  new  Railway 
Line  Clearances.  It's  a  modernized  version  of  the  classic  Railway  Line 
Clearances,  redesigned  to  help  you  do  your  job  better,  faster.  The  new 
Clearances  has  more  of  what  you  need:  Alphabetical  arrangement; 
standardized  format  for  each  railroad;  modern  typefaces.  The  annual 
Railway  Line  Clearances  published  in  July  (with  interim  change  circulars) 
is  your  most  accurate,  up-to-date  source  for  researching  and  routing 
oversized  shipments.  So  order  your  copy  now!  Subscription  $10.00 
($8.00  to  registrant  companies) .  New  York  residents  add  sales  tax. 


Order  your  copy  today.  Send  to: 
RAILWAY  LINE  CLEARANCES 

424  WEST  33rd  ST.  •  NEW  YORK,  NY  10001  •  (212)  563-7399 

Make  checks  payable  to  Railway  Line  Clearances 
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PETTIBONE 


A  complete  line  of  frogs,  switches 
and  trackwork  specialties. 


Equipment  for  track  maintenance  and  materials  handling. 


__       Multikranes 

•»     7/2  to  35  tons 

Truck-Kranes  15  to  80  tons 


A  complete  line  of  Pettibone 

Mercury  lift  trucks  and  tow 

tractors. 

Hydro  Mower  brush  cutters. 


PETTIBONE 


Speed   Swing 

models   441 -B  &   442-B 


PETTIBONE  CORPORATION 

233  S.  Wjckcr  Dr.    Suite  5700 
Chicago,  III.  60606 
312/876-0618 

PETTIBONE   OHIO   CORP. 

6917  Bessemer  Ave. 
Cleveland.  Ohio  44127 
216/641-4000 
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SEALTITE    HOOK    BOLT 

Fastens  timbers  and  ties  to  steel  beams.  Easy 
to  install,  long-life.  Fins  prevent  turning. 
Spring   lock    holds   tension. 


SEALTITE    SPRING    LOCK 

Maintains    tension    as   timber 

changes   by  weather  or  wear. 


MMMI^  -A^ 


SEALTITE    DOME    HEAD    DRIVE   SPIKE 

Fastens  timbers  and  plank  decking  on  grade  crossings, 
bridges  and  docks.  Wide,  smooth  head  seals  opening, 
wears  well. 


'^■'      LEWIS    WASHER    HEAD    TIMBER    DRIVE    SPIKE 

Fastens  highway  crossing  planks,  bridge  guard  rails  and 
general  timber  construction.  One-piece  head.  Easy  to 
install   and   remove. 


e 


LE'WIS  BOLT  &  NUT  COMPANY 

504  MALCOLM   AVE.   S.E.,  MINNEAPOLIS,  MINN.   55414 


lubricators 
are  the  same ! 


1.  THE  SYSTEM  -  From  the  Activator  to 

ttie  Applicator,  all  the  components  used  are 

the  results  of  over  40  years  of  testing 

and  refinements. 

2.  INSTALLATION  -  Two  men  can  install 
a  Single  Plunger  Unit  in  less  than  3  hours. 

3.  MAINTENANCE  -  Inexpensive  mainte- 
nance parts  are  easily  removed  for  cleaning 

or  replacement. 

4.  TOUGHNESS  -  All  components  are 

designed  to  give  that  something  extra  to 

Why  the  M&S  Rail  Lubricator  is  the  BEST:       '''"fr.' yea' out"slr^^"e 

demanded  by  today's  modern  railroads 

5.  SELECTION  -  Single  and  Double  Rail  Units  are 

available  in  either  two-port  or  four-port  design 

at  very  competitive  prices 

Send  for  our  completely  illustrated  brochure 

before  you  buy  any  other  rail  lubricator 

ALSO  manufacturers  of  the  M&S  SWITCH  POINT 

PROTECTOR  which  extends  switch  point  life  at 

a  very  nominal  cost. 


Moore  &  Steele  Corporation 

Owego.  Tioga  County.  N.Y   13827 

U.S.A.  (607)  687-2751 


MOORE^STEELE 
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Service  Proven  Benefits 

OF  TRAFFIC  MASTER®  II   COMPUTER-BASED,  COLOR  VIDEO  cTc 

CONVENIENCE  —  Controls  are  input  via  a  compact 
keyboard  and  instantaneously  processed  for  transmission. 
Indications  are  automatically  returned  and  displayed  on 
vivid  color  video  display  units.  Up-to-the  minute 
operations  reports  -  OS,  signal,  train,  and  block  (others 
optionally  available)  -  are  provided  via  video  display  and 
line  printer,  on  schedule  and  upon  request. 

ECONOMY  —  Multiple  control  centers  are  consolidated, 
and  the  entire  territory  is  controlled  from  one  location. 
Track  changes  require  software  revisions  only  -  control 
office  hardware  modifications  are  not  normally  required. 

VERSATILITY  -Traffic  Master  II  can  be  tailored  to  meet 
the  requirements  of  any  rail,  rapid  transit,  or  open  pit 
mine  railway  system.  It  interfaces  to  any  coding  system  - 
from  relay,  to  solid  state,  to  computer  controlled. 


<B 

R 

s 

OENERAL  nAILV\/AY  SIGNAL 

A    UNIT   of:    QENERAI.   SIOIMAI. 

ROCMESTEO         MEW   VOOK            lUSO? 
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INSPECTION  MOTOR  CARS 
SECTION  MOTOR  CARS 
GANG  MOTOR  CARS 
PUSH  CARS  AND  TRAILERS 
HY-RAIL  EQUIPMENT 
BALLAST  MAINTENANCE  CARS 
WEED  MOWERS 
TOW  TRACTORS 
RAIL  GRINDERS 
DERRICK  CARS 
HYDRAULIC  POWER  TOOLS 
TRACK  LINERS 


TRACK  LINING  LIGHT 

SPIKE  DRIVERS 

TIE  REMOVERS 

TIE  HANDLERS 

RAIL  LIFTERS 

TIE  SHEARS 

TIE  BED  SCARIFIERS 

SPIKE  PULLERS 

TIE  PLUG  INSERTERS 

TIE  SPRAYERS 

TIE  INSERTERS 


THESE  UNITS  ARE  ACTUATED  EITHER  COMPLETELY 
OR  PARTIALLY   BY  HYDRAULIC   POWER 


FAIRMONT  RAILWAY  MOTORS,  INC.,  FAIRMONT,  MINNESOTA  56031 
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DEPENDABLE,  PROVEN   PRODUCTS 
FROM  RAILS  COMPANY 


SWITCH  HEATERS      > 

to  protect  switch  points  from  freezing 


HAB  SWITCH  HEATERS 

Proven  in  use  at  subzero  temperatures. 
High  pressure  blower  distributes  hot  air 
steadily,  evenly  through  a  duct  and  nozzle. 
Manual  or  automatic.  Oil  fired,  natural  gas 
or  propane.  Easily  installed  and  serviced. 

RAIL-TEL  SWITCH  HEATERS 

Advanced  design  assures  correct 
combustion  under  all  conditions.  Improved 
unit  burner  increases  efficiency.  Dispatcher 
controlled  or  automatic  operation  with 
Rails  Company  Snow  Detector.  Long- 
lasting,  easy  to  install.  Proven  in  thousands 
of  installations. 

TYPE  LP  SWITCH  HEATERS 

Improved  air  inspiration  design  assures  the 
best  combustion  regardless  of  weather  or 
humidity.  Uses  low  pressure  natural  gas. 
Provides  uniform  heat. ..dependable,  long 
life  operation. ..easy  installation. ..minimum 
maintenance. ..automatic  ignition. 

TUBULAR  ELECTRIC  SWITCH  HEATERS 

All  voltages  and  wattages  available.  Supplied  with  adjustable  hardware. 
Control  panels  with  ground  fault  detection  for  all  requirements. 


RAIL  FASTENINGS 
lor  high  speed  transit 

FLEXICLIP- 

RAIL  FASTENERS 

for  concrete  ties 

Resists  rail 

rT>ovement  wilh 

positive  holding 

power  in  all 

directions.  Fast 

inslallalion  wilti  regular  equipment. 

For  loinied  or  welded  rail.  Insulated 

fastenings  available. 

COIMPRESSION 

RAIL  ANCHORS  .^    ' -. 

for  wood  ties  ^Vp 

Anctiors  in  both 
directions,  providing 
nriaximum  rail 
protection  with 
lower  installed  cost. 
Fits  all  rail  sections- 
welded,  turnouts, 
budges,  crossings. 


RAIL  ROD 

the  one-man  track  cart  that 
can  be  carried  by  one  man 


Totally  insulated,  will  not  activate 
switches.  Safety  clutch  and  brake 
system.  2-wheel  drive.  Rugged 
construction.  Folds  up  lor  shipping 
and  storage.  Proven  on  maior  class 
one  railroads. 


SNOW  DETECTOR 
starts  heaters  or  removal 
equipment 

Provides  loca' 
conirol  ai  remote 
or  near  points. 
Automatically 
turns  on  ramp 
healers,  gnds.  etc. 
to  keep  drives, 
building  entrances, 
sidewalks  clear  ol  ice  or  snov^f. 
Activates  highway  warning  signs. 
Compact,  easily  installed, 
maintenance  tree  Foolproof. operates 
only  in  snow,  freezing  rain,  hail  or  ice. 
not  during  normal  rainlall.  Complete 
with  sensing  head,  control  box. 
mount,  temperatu'e  control. 


R 


other  RAILS  COMPANY  products  to  protect  and  maintain  your  track  include 
Track  Lubrication  Systems.  Automatic  Switch  Point  Locks,  Wheel  Slops. 


I^apiewood,  N  J.  07040 
Chicago,  III  60604  •  Oakland,  Calif.  94607 
CO.     In  Canada:  lECHolden.  Ltd. 
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Meet  the  original  gang  leader. 


Agile.  Powerful.  Fast.  Dependable! 
The  Evans-RTW  Tie  Handler  has 
helped  tie  gangs  reach  new  levels  of 
speed  and  productivity  for  over  20 
years.  Today,  it's  the  undisputed 
leader  in  the  industry — with  a  track 
record  to  prove  it. 

The  Evans-RTW  Tie  Handler  gives 
you  a  choice  of  articulating  or  stiff- 
type  boom  designs  and  a  deck  that 
rotates  a  full  360°.  The  800  pound 
lifting  capacity  and  24  feet  of  reach 
means  heavy  distant  loads  are  no 


problem.  It  travels  at  20  m.p.h.  and 
comes  to  a  quick,  sure  stop — thanks 
to  fail-safe  brakes  on  all  four  wheels. 
What's  more,  there's  an  RTW  tie 
head  for  all  jobs,  including  single, 
dual,  or  grapple  designs. 

If  you're  after  productivity,  take  a 
close  look  at  the  Evans-RTW  Tie 
Handler  Write  Edward  Stuhl  for  de- 
tailed specification  sheets  that  tell  the 
whole  story,  c/o  Railway  Track-Work 
Company,  2381  Philmont  Ave.. 
Bethayres.  PA  19006. 
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Report  of  the  Executive  Director 

To  AREA  Members: 

The  1978  Association  year  which  ended  at  the  1979  technical  conference  was 
one  characterized  by  continued  Association  growth  and  many  changes  in  personnel. 
Mr.  Engman  retired  during  1978  (followed  by  his  unfortunate  death),  and  was 
replaced  by  Mr.  Giurato.  Mr.  Hodgkins  ended  his  active  role  with  the  Association 
in  December  of  1978  due  to  ill  health  and  will  formally  retire  July  1,  1979.  I  came 
with  the  Association  as  acting  executive  director  on  February  12,  1979.  Mr.  Giurato's 
importance  in  carrying  on  through  this  difficult  transition  period  is  gratefully 
acknowledged. 

Our  technical  committees  have  continued  to  be  active  in  tr>'ing  to  keep  the 
Association's  recommended  practices  in  step  with  the  changing  demands  of  tliis 
important  period. 

The  Association  completed  1978  with  only  a  very  minor  deficit,  basically  a 
break-«ven  position,  and  had  a  net  gain  of  32  members  in  1978,  for  a  total  of  3,530. 

The  factor  of  change  will  continue  to  be  prominent  with  the  move  to  Washing- 
ton as  detailed  at  the  end  of  tliis  report.  The  Board  of  Direction  and  headquarters  staff 
sohcit  the  acti\'e  cooperation  and  support  of  all  AREA  members  by  encouraging  new 
members  and  more  active  participation  in  committee  work  and  by  encouraging  the 
sales  of  AREA  publications  and  calling  attention  to  their  value  as  advertising 
mediums  for  supply  companies,  contractors  and  considting  engineers. 

Major  Meetings  During   1978  Association  Year 

The  14th  Regional  Technical  Conference  of  the  Association  was  held  at 
Minneapolis,   Minn.,   under  the   direction   of  AREA  past  President   D.   V.    Sartore. 

The  78th  Technical  Conference  of  the  AREA  and  the  1979  Annual  Meeting  of 
the  Engineering  Division,  Association  of  American  Railroads,  was  held  at  the  Palmer 
House,  Chicago,  on  March  26-28,  1979,  and  consisted  of  reports  on  activities  during 
1978  and  a  number  of  timely  and  infonnative  addresses  and  illustrated  presentations. 

The  1979  meetings  were  presided  over  by  W.  S.  Autrey,  Chief  Engineer  of  the 
Santa  Fe,  president  of  the  AREA  and  chairman  of  the  AAR  Engineering  Division. 
The  address  at  the  Annual  Luncheon  was  given  by  D.  G.  Ruegg,  Vice  President — 
Operations  of  the  Santa  Fe. 
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Committees  of   1978  Board   of  Direction 


Executive 

W.  S.  AuTREY,  Chairman 
L.  A.  DuFiHAM,  Jr. 
Mike  Rougas 
John  Fox 
b.  j.  wokley 


Publications 
J.  A.  Barnes,  Chairman 
R.  F.  Beck 
C.  E.  Webb 

J.    T.    SuLLrVAN 

N.  E.  Smith 


Membership 

G.  A.  Van  de  Water,  Chairman 

L.   A.   DXJRHAM 

L.  F.  Cltuuer 
W.  D.  Slater 
R.  E.  Haacke 


Regional  Meetings 
J.  T.  SuLLiNAN,  Chairman 

B.   J.   WORLEY 

T.  L.  Fuller 
D.  J.  Bertel 
W.  D.  Slater 


Finance 
B.  J.  Worley,  Chairman 
W.  S.  Autre Y 
John  Fox 
D.  J.  Bertel 
W.  D.  Slater 


Conference  Program 

R.  F.  Beck,  Chairman 

John  Fox 

T.  L.  Fuller 

G.  A.  Van  de  Water 

R.  E.  Haacke 


Research 

L.  A.  Durham,  Jr.,  CJmirman 

Mike  Rougas 

J.  W.  Brent 

G.  E.  Webb 

G.  A.  Van  de  Water 

R.  E.  Haacke 


Advertising  (Special) 
J.  W.  Brent,  Chairman 
L.  F.  Currier 
J.  A.  Barnes 
C.  E.  Webb 
N.  E.  Smith 


Technical  Activity 

D.  J.  Bertel,  Chairman 
T.  L.  Fuller 
R.  F.  Beck 

J.  T.   SULLFVAN 

N.  E.  Smith 


MEMBERSHIP 

As  mentioned  abo\e,  total  membership  has  reached  its  highest  level  to  date. 
But  this  should  not  mean  that  AREA  members  can  relax  their  cffoi-ts  to  interest 
their  friends  and  associates  both  inside  and  outside  tlie  railroad  industry,  and  allied 
to  it,  in  AREA  membership.  Approximately  250  new  members  are  needed  each  year 
simply  to  overcome  normal  attrition.  A  wide  range  of  people  are  qualified  for  ARE.\ 
membership  and  would  benefit  by  it,  as  would  tlie  Association.  These  qualifications 
are  given  in  Article  H,  Sections  A,  B,  E  and  F  of  the  AREA  Constitution.  Yoiu" 
help  is  earnestly  solicited  in  tliis  vital  area  of  Association  efforts. 
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Membership 

Membership  Years 
1976  1977  1978 

Membership  as  of  Januaiy   1    3323  3418                   3498 

New  Members  during  year   ....  252  218                      227 

Reinstatements  during  >ear 6  33                        16 

Gain  or  Loss  in  Jr.  Members   .  .  .  +      3  +6                           0 

261  257  243 

Deceased  during  year    37  29                        30 

Resigned    during   year    28  24                        31 

Dropped  during  year    101  124                      150 

166  177  211 

New  Gain  or  Loss    +95  +80  +32 

3418  3498  3530 

Membership  Classification  by  Yeahs 


1970 
.  .   443 

1971 
451 

1972 

1973 
481 

1974 
473 

1975 

1976 

1977 

1978 

Life  

460 

474 

492 

515 

528 

Member 

.  .  2579 

2502 

2549 

2492 

2500 

2509 

2583 

2625 

2638 

Associate  . 

.  .  257 

244 

247 

232 

238 

241 

248 

260 

266 

Junior  .  .  . 

62 

67 

96 

105 

111 

93 

89 

93 

93 

Honorary  . 

6 

6 

6 

5 

5 

3341       3264       3352       3310       3328       3323       3418       3498       3530 

Deaths  During   1978  Association  Year 

From  March  1,  1979  to  February  28,  1979  notice  was  received  at  Association 
Headquarters  of  tlie  deaths  of  29  members,  the  same  number  as  hist  year,  these 
memlxTs  are  hsted  on  page  553. 

Activities  of  Technical  Committees 

Assignments 

During  1978,  the  20  technical  committees  of  tlie  Association  worked  on  150 
assigmnents,   15  of  which  were  new. 

AREA  committee  work  is  directed  toward  tlie  preparation  of  reports  for  infor- 
mation, toward  revising  material  appearing  in  the  AREA  Manual  for  Railway 
Engineering  and  the  Portfolio  of  Trackwork  Plans,  and  toward  carrying  our  special 
projects  related  to  their  assignments. 

The  1978  statistics  show  diat  our  20  standing  committees  produced  one  or  more 
information  reports  on  70  of  their  150  a.ssignments  (not  including  Assigmiient  A). 
Some  of  the  reports  consisted  of  multi-page  articles,  while  other  reports  were  brief 
status  statements.  In  addition,  the  standing  committees  submitted  12  reports  con- 
taining Manual  recommendations,  11  of  which  were  pubhshed  in  Part  1  of  the 
November-December  1978  Bulletin  and  one  in  die  January-February  1979  Bulletin. 

During  1979  the  technical  committees  as  a  whole  will  work  on  144  assignments, 
8  of  them  new. 
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Classification  of  Material 

The  work  of  AREA  committees  during  1978  was  so  diversified  that,  as  in  other 
years,  it  is  impossible  to  do  other  than  refer  to  it  in  general  terms  in  a  report  such 
as  this.  However,  the  following  is  a  general  categorical  classification  of  the  results 
of  this  work  as  published  in  the  technical  Bulletins  of  the  Association- 
Recommendations  pertaining  to  the  development  or  revision  of  12  different 
specifications  and  recommended  practices  for  inclusion  in  the  AREA  Manual,  and 
the  revision  of  45  plans  in  the  Portfolio  of  Trackwork  Plans;  15  reports  on  current 
developments  in  engineering  practice  and  design;  4  reports  on  current  developments 
in  systems  engineering  and  data  processing;  3  reports  dealing  with  pollution 
control;  3  economic  and  analytical  studies;  1  report  on  the  recruiting  and  training 
of  employees;  3  reports  dealing  with  statistics;  and  1  bibliography. 

During  the  1978  Association  year,  subcommittee  reports,  papers  and  addresses 
published  in  the  technical  issues  of  the  Bulletin  were  again  ad\ertised  as  open  for 
discussion. 

Personnel   of  Committees 

At  the  beginning  of  the  1978  Association  year  1115  members  were  assigned 
to  1209  places  on  the  Association's  20  technical  committees.  This  compares  with 
1095  members  assigned  to  1190  places  at  the  beginning  of  the  previous  year.  In 
addition,    11   members  were  assigned  to  the  Special  Committee  on  Concrete  Ties. 

AREA  committees  again  were  limited  to  a  maximmii  membership  of  70  and 
to  the  number  from  each  railroad  depending  on  the  total  number  of  AREA  members 
on  the  railroad.  Including  associates  and  retired  members  some  committees  have 
nearly  90  members  on  their  roster. 

In  the  1978  Handbook  of  Committee  Activity  the  names  of  committee  chair- 
men, vice  chairmen,  secretaries  and  subcommittee  chairmen  were  again  shown  in 
boldface  type  at  the  head  of  each  committee  roster. 

The  number  of  members  so  far  assigned  to  committees  for  1979  (as  of  March  1) 
is  higher  than  a  year  ago;  specifically  1137  members  assigned  to  1207  places. 

Committee  Meetings 

The  20  standing  AREA  committees  held  a  total  of  41  meetings  during  the  1978 
Association.  This  number  is  similar  to  the  ainount  held  the  pre\ious  year.  However, 
since  some  of  the  Committees  failed  to  send  reports  to  Headquarters,  concei\ably 
the  niunber  of  meetings  could  ha\'e  been  higher  last  year. 

Of  the  41  meetings  last  year,  a  good  nmiiber  were  held  in  Chicago,  in  keeping 
with  the  AAR  guidelines  set  down  last  year.  Howe\er,  most  committees  foimd  that 
special  situations  dictated  that  they  hold  meetings  elsewhere,  and  therefore,  24 
of  the  meetings  were  held  outside  Chicago.  Those  cities  included  Pittsburgh,  Houston, 
Cincinnati,  Tampa,  Philadelphia,  Boston,  etc. 

Members   Emeritus  of  Technical   Committees   Elected  in    1978—1979  Association   Year 

C.  J.  McConaughy  (M  '48,  L  '73)   Retired  Track  Designer,  Southern  Pacific  Trans- 
portation Company    (Committee  5 — Track) 

K.  H.  Von  Kampen  (A  '43,  L  '70)  Retired  Cliief  Engineer,  Railroad  Products  Di\i- 
sion,    Pettibone   Mulliken   Corporation    (Committee  5 — Track) 
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C.  F.  Muelder  (M  '56)  Environmental  Control,  Burlington  Northern,  Inc.  (Com- 
mittee 13 — Environmental  Engineering) 

W.  W.  Hay  (M  '40,  L  '77)  Professor  Emeritus  of  Railway  Civil  Engineering  (Com- 
mittee  16 — Economics   of   Plant   Equipment   and   Operations) 

G.  Rugge  (M  '40,  L  '77)  Retired  Special  Assistant,  Staff  Studies  and  Planning, 
Atchison,  Topeka  &  Santa  Fe  Railway  (Committee  16 — Economics  of  Plant, 
Equipment   and  Oi)erations ) . 

Association    Publications 

In  1978,  the  AREA  Bulletin  was  again  published  on  the  scheduled  five-time 
basis.  The  Bulletins  in  Proceedings  Volume  80,  1979,  will  be  Xos.  669,  September- 
October  1978;  670,  November-December  1978;  671,  January-February  1979;  and 
673,  June-July  1979.  Bulletin  672  will  be  the  blue-covered  April-May  Directory 
Issue,  which  is  not  a  part  of  the  .\nnual  Proceedings  of  the  Association. 

AREA  1978  Handbook  of  Committee  Activity  was  published  in  May  and 
distributed  to  all  committee  members  at  that  time. 

The  manual  recommendations  of  committees  as  published  in  Part  1  of  Bulletin 
665,  November-December  1977,  were  approved  by  the  Board  of  Direction  at  its 
meeting  on  March  18,  1978.  The  approved  material  was  issued  in  the  1977-1978 
Manual  Supplement.  Included  in  the  supplement  was  the  new  Specification  for 
Concrete  Ties  on  which  work  was   in  progress  for  several  years. 

No  supplement  to  the  AREA  Portfolio  of  Trackwork  Plans  was  issued  in  1978. 

The  Volume  79  (1978)  Bulletin  Binder  was  made  available  to  members  at  the 
price  of  $5.50.  Each  of  these  hard-cover  booktype  binders  is  designed  to  house  all 
the  Bulletins  in  a  publication  year,  which  starts  with  the  September-October  issue 
and  ends  with  the  June-July  issue,  with  the  exception  of  the  blue-covered  April- 
May  Directory  issue  which  is  not  punched  for  binding. 

The  June-July  1978  Bulletin  contained  all  material  presented  at  tlie  March 
1978  Technical  Conference  having  technical  and  historic  interest — the  president's 
address,  reports  of  the  executive  director  and  treasurer,  special  features  and  com- 
mittee reports  not  previously  in  the  committee  report  Bulletins. 

The  AREA  News  was  published  two  times  in  1978,  and  we  hope  to  get  back 
to  publishing  it  quarterly  as  in  years  past. 

Lool<ing    Ahead 

The  major  change  for  the  organization  in  the  coming  year  is  the  moving  of 
the  -\.ssociation  headquarters  to  Washington.  This  will  allow  much  better  contact 
with  federal  agencies  so  tliat  the  thoughts  and  work  of  the  railway  engineering 
profession  will  be  involved  in  future  rule-  and  regulation-making  on  a  continuing 
basis,   rather  than   only   with   temporary  committees. 

The  next  annual  technical  conference  of  the  AREA  is  planned  for  March  24-26, 
1980  at  the  Palmer  House,  Chicago.  The  next  regional  meeting  has  been  scheduled 
for  Thm^day,  October  11,  1979  at  the  Sheraton  Hotel  in  Philadelphia,  Pa.  In 
October  1980,  the  regional  meeting  will  be  held  in  Los  Angeles.  The  exact  date  will 
be  determined  later.   Mr.   Autrey  will  be  the  chairman  of  that  meeting. 
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Our  membership  level  continues  to  increase  to  record  levels,  and  our  financial 
situation  is  good.  Some  loss  can  be  expected  this  year  due  to  the  costs  of  moving  the 
office  to  Washington,   and  changing  personnel,  but  the  results  of  this  move  should  fl 

be  to  create  a  much  stronger  Association.  Keeping  the  AREA  strong  requires  that  its  ^ 

members  perfonn  dieir  professional  responsibilities  in  a  serious  and  dedicated  fashion 
for  the  bettennent  of  the  railway  engineering  profession  and  the  railroad  industry, 
and  this  can  be  done  with  the  active  participation  of  all  members. 

Respectfully    submitted, 
Louis   T.   Cerny 
Executive  Director 
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3iccea£icb  iWembcrs 

Anderson,  R.  H.   (M  '67) 

Staff  Engineer,  Union  Pacific  RR,  Omaha,  Neb. 

Beeder,  R.  II.   (M  '44,  L  '70) 

Past   President   Retired   Chief   Engineer   S\steMi,   Atchison,   Topeka  &   Santa   Fe 
Railway,  Colorado  Springs,  Colo. 

Belcher,  R.  S.  (M  '20,  L  '50) 

Retired  Manager  Treating  Plants — S>  stem,  Atchison,  Topeka  &  Santa  Fe  Railw  ay, 
Topeka,  Kan. 

Biro,  S.  L.   (M  '72) 

Structural   Engineer — System,   CN    Rail,    Montreal,   Que.,   Canada 

Boyd,  H.  T.   (M  '54) 

Senior  Vice  President  and  Director,   DeLeuw    6c  Companx,  Chicago,   III. 

Davenport,  H.  F.   (M  '55) 

Senior  Vice  President — Operations,  Illinois  Central  Culf  RR,  Chicagf),  111. 

Evans,  L.  A.   (M  '47,  L  '73) 

Retired  President  and  General  Manager,  Belt  Railway  of  Chicago,  Leesburg,  Fla. 

Fredrick,  T.  C.   (M  '44,  L  '74) 

Retired   Special   Consultant   to    DeLeuw   Cather  &   Company   of   Canada,   Ltd., 
Don  Mills,  Ont.,  Canada 

Freygang,  V.  H.  (M  '68) 

Retired  Application  Engineer,  Chessie  System,  Chicago,  111. 

Haberle,  E.  L.  (M  '29,  L  '54) 

Retired  Assistant  Bridge  Engineer,  Great  Northern  Railway,  Minneapolis,  Minn. 

Heinlen,  R.  H.  (M  '47,  L  '72) 

Retired  Division  Engmeer,  Atchison,  Topeka  &  Santa  Fe,  Hurst,  Tex. 

Herrick,  C.  C.  (M  '48) 

Engineer — Standards,   ConRail,   Philadelphia,   Pa. 

Hdlman,  A.  B.  (M  '21) 

Retired  Chief  Engineer,  Belt  Railw a\,  Chicago  &  Western  Indiana  RR,  E\anston, 
lU. 

Jackson,  S.  M.   (M  '45,  L  '72) 

Retired  Special  Engineer,  Oil  and  Gas  De\elopment,  Missouri  Pacific  RR,  Little 
Rock,  Ark. 

Jentoft,  L.  H.   (M  '35) 

Retired  Assistant   Chief  Engineer,   Maintenance,   Erie   Lackawanna   RR,   Minne- 
apolis, Minn. 

Johnson,  G.  R.   (M  '30) 

Retired   Director,   Bureau   of  Transportation,   Penns\lvania   Public   Utility   Com- 
mission, Birchrunville,  Pa. 


554  Bulletin  673 — American  Railway  Engineering  Association 

Kaufman,  A.  D.  (M  '59) 

Chief  Engineer,  Howard,  Needles,  Tammen  &  Bergendorff,  Baton,  Rouge,  La. 

Keeler,  S.  V.   (M  '31) 

Regional  Track  Engineer,  FRA,  DOT,  San  Francisco,  Calif. 

KroU,  C.  L.   (M  '46,  L  '71) 

Retired  Assistant  Chief  Engineer — Staff,  Chessie  System,  Catonville,  Md. 

Leeds,  R.  M.   (M  '19) 

Retired  Division  Engineer,  Louisville  and  Nashville  RR,  Birmingham,  Ala. 

Marks,  N.  G.   (M  '75) 

Partner — Richardson,    Gordon   &   Associates,    Pittsburgh,    Pa. 

Marye,  R.  W.   (M  '37) 

Retired  General  Manager,  Charleston  &  Western  Carolina  Railway,  Augusta,  Ga. 

Miller,  M.  B.  (M  '48) 

Director — Passenger  Transportation  Engineering,  ConRail,  Philadelphia,  Pa. 

Rambo,  W.  F.   (M  '31) 

Retired  Division  Engineer,  Missouri  Pacific  RR,  Alexandria,  La. 

Rankin,  R.  C.   (M  '60) 

Assistant  Architect,  SP  Transportation  Co.,  San  Francisco,  Calif. 

Rodella,  W.  G.   (A  '72) 

Manager  Railroad  Products,  United  States  Steel  Corp.,  Pittsburgh,  Pa. 

Schaub,  J.  B.   (M  '44,  L  "69) 

Retired   Engineer   of   Buildings,    Illinois   Central   Railroad,   Wilmette,   111. 

Stephens,  B.  M.  (M  '45,  L  '70) 

Retired  Assistant   General   Manager,   Southern  Pacific  Transportation   Compan>'. 
Houston,  Te.v. 

Watt,  J.  R.   (M  '18) 

Retired   General   Purchasing  Agent,   Louisville  &   Nashville   RR,   Louis\ille,   Ky. 
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To  THE  Membehs: 

For  the  year  of  1978  the  AsscKiation  operated  on  a  practically  break-e\eii  basis. 

Actual  receipts  amounted  to  $176,772  as  compared  with  actual  expenditures  of 
$177,736  for  a  deficit  of  $936.90. 

A  somewhat  larger  deficit,  about  $22()(),  is  planned  for  1979,  due  to  the  costs  of 
the  move  to  Washington  and  overlapping  personnel  costs. 

The  detailed  statement  of  Receipts  and  Disbursements  will  be  published  in  the 
next  Bulletin. 

A.   B.  HiLLMAX.  Jr. 
Treasurer 

BALANCE    SHEET 
DECEMBER    31,    1978 

ASSETS 

Current  Assets 

Cash  in  Northern  Trust  Co. — Checking     $   13,546.04 

Cash  in  Nortliem  Trust  Co.— Savings    100,000.00 

Petty  Cash    50.00 

Investment— U.S.  Treasury  Bonds    28,000.00 

Investment — U.S.   A.   Tresaury  Bonds    4,000.00 

Inventories    5,600.00 

Prepaid  Postage   1,818.64 

Total   Current  Assets    S153.014.68 

Fixed  Assets 

Furniture    and    Fixtures    S      1,000.00 


S  1.54,014.68 


LUBILITIES 
Current  Liabilities 

Balance— January    1,    1978    $155,051.37 

Net  increase  of  Income  over  Expenses 

year  ended  DcK;ember  31,   1978    (963.90) 

1.54,087.47 

$154,014.68 
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STATEMENT   OF   INCOME   AND    EXPENSES 
YEAR   ENDED    DECEMBER    31,    1978 

RECEIPTS 

Dues    $76,8.52.88 

Student  Affiliate  Fee 88.00 

Publication— Bulletins    7,586.39 

Proceedings    2,799.35 

Manual     45,354.98 

Trackwork    Plans    10,518.25 

Miscellaneous     6.57.65 

Advertising    10,315.34 

Interest    1,100.00 

Conference    19,493.35 

Miscellaneous  Income   2,005.70 

Total  Receipts    $176,771.89 

DISBURSEMENTS 

Salaries    $40,594.65 

Payroll  Taxes  and  Fringe  Benefits   11,882.67 

Retirement  Benefits   3,152.28 

Travel  Expenses 1,626.42 

Professor  Expense    7,921.26 

Printing  Costs — Bulletins  and  Proceedings     34,150.71 

Manual    41,400.28 

Trackwork  Plans    87.25 

Newsletter     2,241.36 

Miscellaneous    Stationery    4,502.36 

Rent 1,140.00 

Shipping   Costs    10,012.34 

Telephone   245.01 

Supphes     518.57 

Accounting  and  Auditing 500.00 

Conference    Costs    15,157.18 

Miscellaneous  and  Extraordinary  E.\penses   2,605.98 

Total  Expenses  177,735.79 
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NET  RECEIPTS  FOR  PERIOD   $      (963.90^ 
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COMPARATIVE    STATEMENT   OF   RECEIPTS   AND   EXPENDITURES 
FOR  THE   LAST   20   YEARS 


Receipts  Expenditures 

1959  $  80,407.16  $  80,297.48 

1960  81,138.79  83,978.29 

1961  83,461.73  73,410.20 

1962  76,097.28  87,344.12 

1963  73,653.48  66,156.99 

1964  74,834.81  78,118.66 

1965  81,336.73  73,895.90 

1966  84,590.91  80,454.00 

1967  78,724.17  101,087.51 

1968  97,639.94  111,054.20 

1969  109,893.16  112,741.62 

1970  113,245.85  108,305.33 

1971  113,756.51  116,003.93 

1972  128,208.01  125,534.70 

1973  110,193.20  108,148.33 

1974  112,549.90  112,153.50 

1975  138,431.66  148,246.06 

1976  161,470.09  171,210.68 

1977  194,233.92  165,627.11 

1978  176,771.89  177,735.79 


Increase 

or 

(Decrease) 

$      109.68 

(2,839.50) 

10,051.53 

(11,246.84) 

7,496.49 

(3,283.85) 

7,440.8.3 

4,1.36.91 

(22,36.3.34) 

(13,414.26) 

(2,848.46) 

4,940.52 

(2,247.42) 

2,673.31 

2,044.87 

396.40 

(9,814.40) 

(9,740.59) 

28,606.81 

(963.90) 
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American  Railway  Engineering 
Association 


CONSTITUTION 

Revised  to  March  5,  1979 


Article  I 
Name,  Object  and  Location 

1.  Name 

The  name  of  this  Association  shall  be  the  AMERICAN  RAILWAY  ENGINEERING 
ASSOCIATION. 

2.  Object 

The  object  of  the  Association  shall  be  the  advancement  of  knowledge  pertaining 
to  the  scientific  and  economic  location,  construction,  operation  and  maintenance  of 
railways. 

3.  Means  to  be  Used 

The  means  to  be  used  for  this  purpose  shall  be: 

(a)  The  investigation  of  matters  pertaining  to  the  object  of  the  Association  through 
Study  and  Research  Committees. 

(b)  Meeting  for  the  presentation  and  discussion  of  papers,  and  for  action  on  the 
recommendations   of   committees. 

(c)  The  publication  of  papers,  reports  and  discussions. 

4.  Conclusions 

The  conclusions  adopted  by  the  Association  shall  be  recommendatory. 

5.  Location 

The  office  of  the  Association  shall  be  located  in  Chicago,  III.  or  Washington,  D.  C. 

Article  II 

Membership 

1.  Classes 

The  membership  of  this  Association  shall  be  divided  into  five  classes:  Members, 
Life  Members,  Honorary  Members,  Associates  and  Junior  Members. 

2.  Qualifications 

A.  General 

(a)  An  applicant  to  be  eligible  for  membership  in  any  class  other  than  that  of 
Junior  Member  shall  be  not  less  than  25  years  of  a^e. 
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(b)  To  be  eligible  for  membership  in  any  class,  or  for  retention  of  membership  as  a 
Member,  an  Associate  or  a  Junior  Member,  a  person  shall  not  be  engaged  directly  or 
primarily  in  the  sale  to  the  railways  of  appliances,  supplies,  patents  or  patented  services. 

(c)  The  right  to  membership  shall  not  be  terminated  by  retirement  from  active 
service. 

(d)  In  determining  the  eligibility  for  membership  in  any  class,  graduation  in  engineer- 
ing from  a  school  of  recognized  standing  shall  be  considered  as  equivalent  to  three  years 
of  active  practice,  and  satisfactory  completion  of  each  year  of  work  in  such  school, 
without  graduation,  shall  be  considered  as  equivalent  to  one-half  year  of  active  practice. 

(e)  In  determining  the  eligibility  for  Member  under  Section  B  (a)  of  this  Article, 
each  year  of  practical  experience  in  engineering,  or  in  science  related  thereof,  prior  to 
employment  on  a  railway,  if  such  experience  were  of  the  same  specialized  character  as 
the  current  work  of  the  applicant,  shall  be  considered  as  equivalent  to  one  year  of 
railway  service. 

B.  Member 

A  Member  shall  be: 

(a)  A  railway  engineer  or  officer  who  has  had  not  less  than  five  years'  experience 
in  the  location,  construction,  operation  or  maintenance  of  railways  and  who  is  employed 
by  a  common-carrier  railway  corporation,  by  an  approved  association  of  railroads  or 
railway  engineers  or  officers,  or  by  a  non-common-carrier  railway  if  primary  duties 
consist  entirely  or  primarily  of  the  location,  construction,  operation  or  maintenance  of 
a  railway  plant  and  facilities. 

(b)  A  dean,  professor,  assistant  professor,  or  equivalent  in  engineering  in  a  university 
or  college  of  recognized  standing,  or  an  instructor  or  equivalent  in  such  university  or 
college,  who,  with  an  engineering  degree,  has  had  at  least  two  years'  experience  in 
teaching  engineering. 

(c)  An  engineer  or  member  of  a  public  board,  commission  or  other  official  agency 
who,  in  the  discharge  of  regular  duties,  deals  with  railway  problems, 

(d)  An  editor  of  a  trade  or  technical  magazine  who,  in  the  dbcharge  of  regular 
duties,  deals  with  railway  problems,  and  who  has  had  the  equivalent  of  five  years' 
engineering  or  railway  experience. 

(e)  A  consulting  engineer  or  contractor,  or  an  engineer  in  their  employ,  engaged  in 
the  engineering,  construction  and  maintenance  of  railroad-related  facilities  or  an  engineer 
employed  by  a  technical  service  or  research  and  development  organization  who  has  had 
the  equivalent  of  five  years'  engineering  experience. 

(f)  An  officer  or  engineer  of  an  engineering  or  scientific  society  or  association 
whose  aims  and  objectives  are  compatible  with  the  aims  and  objectives  of  this 
association. 

C.  Life  Member 

A  Life  Member  shall  be  a  Past  President  of  the  Association  who  has  been  retired 
under  a  recognized  retirement  plan,  or  a  Member  or  an  Associate  who  has  paid  dues 
for  35  years  or  who  has  been  retired  under  a  recognized  retirement  plan  and  has  paid 
dues  for  not  less  than  25  years. 

D.  Honorary  Member 

(a)  An  Honorary  Member  shall  be  a  person  of  acknowledged  eminence  in  railways 
engineerinp  or  manajicmcnt. 

(b)  The   number  of   Honorary   Members   shall   be   limited   to   ten. 
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E.  Associate 

An  Associate  shall  be: 

(a)  A  member  of  a  railway  supply  company  or  association  who  meets  the  qualifica- 
tions of  Section  2,  Paragraph  A  (a)  and  (b). 

(b)  A  person  qualified  by  training  and  experience  to  cooperate  with  Members  in  the 
object  of  this  Association,  but  who  is  not  qualified  to  become  a  Member. 

F.  Junior  Member 

(a)  A  Junior  Member  shall  be  not  less  than  21  years  of  age,  shall  have  had  not 
less  than  three  years'  experience  in  the  location,  construction,  operation  or  maintenance 
of  railways,  and  shall  be  an  employee  of  a  railway  corporation,  or  one  of  the  organiza- 
tions or  institutions  listed  under  Section  B  of  this  Article,  or  a  railway  supply  company 
if  qualified  under  Section  2,  Paragraph  A  (b)  of  this  Article. 

(b)  Membership  in  this  classification  in  the  Association  shall  terminate  at  the  end 
of  the  calendar  year  in  which  individual  becomes  30  years  of  age. 

(c)  A  Junior  Member  may  make  application  for  membership  in  another  grade  at 
any  time  when  eligible  to  do  so. 

3.  Transfers 

The  Board  of  Direction  shall  transfer  from  one  class  of  membership  to  another, 
or  may  remove  from  membership,  any  person  whose  qualifications  so  change  as  to 
warrant  such  action. 

4.  Rights 

(a)  Members,  and  Life  Members  who  were  formerly  Members,  shall  have  all  the 
rights  and  privileges  of  the  Association.  Life  Members  who  were  formerly  Associates 
shall  continue  to  have  all  the  rights  and  privileges  of  Associates. 

(b)  Honorary  Members  shall  have  all  the  rights  and  privileges  of  the  Association 
except  those  of  holding  elective  office,  provided,  however,  that  Members  or  Life  Members 
who  are  elected  Honorary  Members  shall  retain  all  the  rights  and  privileges  of  the 
Association. 

(c)  Associates  and  Junior  Members  shall  have  all  the  rights  and  privileges  of  the 
Association  except  those  of  voting  and  holding  elective  office. 


Article  III 
Admission,  Resignation,  Expulsion  and  Reinstatement 

1.  Charter  Membership 

The  Charter  Membership  of  this  Association  consisted  of  all  persons  elected  to 
membership  before  March  IS,  1900. 

2.  Application  for  Membership 

(a)  A  person  desirous  of  membership  in  this  Association  shall  make  application 
upon  the  form  provided  by  the  Board  of  Direction.  In  the  event  that  Junior  Membership 
two-thirds  of  its  entire  membership. 

(b)  The  applicant  shall  give  the  names  of  at  least  three  Members  of  this  Asso- 
ciation to  whom  personally  known.  Each  of  these  Members  shall  be  requested  to  certify 
to  a  personal  knowledge  of  the  applicant  with  an  opinion  of  the  applicant's  qualifications 
for  membership. 
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(c)  If  an  applicant  is  not  personally  known  to  as  many  as  three  Members  of  this 
Association,  the  names  of  well-known  persons  engaged  in  railway  or  allied  professional 
work  to  whom  the  applicant  is  personally  known  shall  be  substituted,  as  necessary,  to 
provide  a  total  of  at  least  three  references.  Each  of  these  persons  shall  be  requested 
to  certify  to  a  personal  knowledge  of  the  applicant,  with  an  opinion  of  the  applicant's 
qualifications  for  membership. 

(d)  No  further  action  shall  be  taken  upon  the  application  until  replies  have  been 
received  from  at  least  three  of  the  persons  named  by  the  applicant  as  references. 

3.  Election  to  Membership 

(a)  Upon  completion  of  the  application  in  accordance  with  Section  2  of  ihis  Article 
the  Board  of  Direction  through  its  Membership  Committee  shall  consider  the  application 
and  make  such  investigation  as  it  may  consider  desirable  or  necessary. 

(b)  Upon  completion  of  such  consideration  and  investigation,  each  member  of  the 
Board  of  Direction  shall  be  supplied  with  the  required  information,  together  with  the 
recommendation  of  the  Membership  Committee  as  to  the  class  of  membership,  if  any, 
to  which  the  applicant  is  eligible,  and  the  admission  of  the  applicant  shall  be  canvassed  by 
ballot  among  the  members  of  the  Board  of  Direction. 

(c)  In  the  event  that  an  application  has  been  made  under  the  provisions  of  Section 
2,  Paragraphs  (a)  and  (b)  of  this  Article,  a  two-thirds  affirmative  vote  of  the  entire 
Board  of  Direction  shall  be  required  for  election. 

(d)  In  the  event  that  an  application  has  been  made  under  the  provision  of  Section 
2,  Paragraphs  (a)  and  (c)  of  the  Article,  a  unanimous  affirmative  vote  of  the  entire 
Board  of  Direction  shall  be  required  for  election. 

4.  Subscription  to  the  Constitution 

An  applicant  for  any  class  of  membership  in  this  Association  shall  declare  willing- 
ness to  abide  by  the  Constitution  of  the  Association  in  the  application  for  membership. 

5.  Honorary  Member 

A  proposal  for  Honorary  Membership  shall  be  endorsed  by  ten  or  more  Members 
of  the  Association  and  a  copy  furnished  each  member  of  the  Board  of  Direction.  The 
nominee  shall  be  declared  an  Honorary  Member  upon  receiving  a  unanimous  vote  of  the 
entire  Board  of  Direction, 

6.  Resignation 

The  Board  of  Direction  shall  accept  the  resignation,  tendered  in  writing,  of  any 
person  holding  membership  in  the  Association  whose  obligations  to  the  Association  have 
been  fulfilled. 

7.  Expulsion 

Charges  of  misconduct  on  the  part  of  anyone  holding  membership  in  this  Association. 
if  in  writing  and  signed  by  ten  or  more  Members,  may  be  submitted  to  the  Board  of 
Direction  for  examination  and  action.  If,  in  the  opinion  of  the  Board  action  is  war 
ranted,  the  person  complained  of  shall  be  served  with  a  copy  of  such  charges  and  shall 
be  given  an  opportunity  to  answer  them  to  the  Board  of  Direction,  .^fter  such  oppor- 
tunity has  been  given,  the  Board  of  Direction  shall  take  final  action.  A  two-thirds 
affirmative  vote  of  the  entire  Board  of  Direction  shall  be  reauired  for  expulsion. 
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8.   Reinstatement 

(a)  A  person  having  been  a  Member,  an  Associate  or  a  Junior  Member  of  this 
Association  and  having  resigned  such  membership  while  in  good  standing  may  be 
reinstated  by  a  two-thirds  affirmative  vote  of  the  entire  Board  of  Direction. 

(b)  A  person  having  been  a  Member,  an  Associate  or  a  Junior  Member  of  this 
Association  and  having  forfeited  membership  under  the  provisions  of  Article  IV,  Section 
3,  may,  upon  such  conditions  as  may  be  fixed  by  the  Board,  be  reinstated  by  a  two-thirds 
affirmative  vote  of  the  entire  Board  of  Direction. 

Article  IV 

Dues 

1.  Entrance  Fee 

(a)  An  entrance  fee  of  $10  shall  be  payable  to  the  Association  with  each  application 
for  membership  other  than  Junior  Membership.  This  sum  shall  be  returned  to  an  applicant 
not  elected. 

(b)  An  entrance  fee  of  $5  shall  be  payable  to  the  Association  with  each  application 
for  Junior  Member,  which  sum  shall  be  returned  to  an  applicant  not  elected.  When  a 
Junior  Member  transfers  to  the  Member  or  Associate  Member  class  the  previously  paid 
$5  entrance  fee  shall  be  credited  towards  the  entrance  fee  for  the  class  to  which  trans- 
ferring. However,  the  Junior  Member  entrance  fee  shall  not  be  returnable  should  the 
individual  resign  from  the  Association  or  allow  membership  to  lapse.  Neither  shall 
it  be  applicable  to  the  dues  for  any  year. 

2.  Annual  Dues 

(a)  The  annual  dues  for  each  Member  and  each  Associate  shall  be  $25. 

(b)  The  annual  dues  for  each  Junior  Member  shall  be  $10. 

(c)  Life  Members  and  Honorary  Members  shall  be  exempt  from  the  payment  of 
dues.  Life  Members  desiring  to  continue  to  receive  the  Bulletins  and  Proceedings  of  the 
.Association  may  do  so  by  paying  a  subscription  fee  prescribed  by  the  Board  of  Direction. 

3.  Arrears 

A  person  whose  dues  are  not  paid  before  April  1  of  the  current  year  shall  be  notified 
by  the  Executive  Officer-Secretary.  If  the  dues  are  still  unpaid  on  July  1,  further  notice 
shall  be  given,  informing  the  person  that  he  or  she  is  not  in  good  standing  in  the 
Association.  If  the  dues  remain  unpaid  by  October  1,  the  person  shall  be  notified  that 
he  or  she  will  no  longer  receive  the  publications  of  the  Association.  If  the  dues  are  not 
paid  by  December  31,  the  person  shall  forfeit  membership  without  further  action  or 
notice,  except  as  provided  for  in  Section  4  of  this  Article. 

4.  Remission  of  Dues 

The  Board  of  Direction  may  extend  the  time  of  payment  of  dues,  and  may  remit 
the  dues  of  any  Member,  Associate  or  Junior  Member  who,  for  good  reason,  is  unable 
to  pay  them. 

Article  V 

Ofpicers 
1.  Officers 

(a)  The  officers  of  the  Association  shall  be  a  President,  two  Vice  Presidents, 
two  Past  Presidents,  twelve  Directors,  an  Executive  Officer-Secretary,  and  a  Treasurer. 
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(b)  The  President,  the  Vice  Presidents,  the  Directors  and  the  two  Past  Presidents 
on  the  Board  of  Direction  shall  be  Members  actively  employed  by  a  railroad  and  shall 
act  as  the  trustees  and  have  the  custody  of  all  property  belonging  to  the  Association. 

(c)  The  Executive  Officer-Secretary  and  the  Treasurer  shall  be  appointed  by  the 
Board  of  Direction. 

2.  Term  of  Office 

The  term  of  office  of  the  President  shall  be  one  year,  of  the  Vice  Presidents  two 
years  and  of  the  Directors  three  years.  The  term  of  each  shall  begin  at  the  close  of 
the  annual  technical  conference  at  which  elected  and  continue  until  a  successor  is 
qualified.  All  other  officers  and  employees  shall  hold  office  or  position  at  the  pleasure 
of  the  Board  of  Direction. 

3.  Oflficers  Elected  Annually 

(a)  There  shall  be  elected  prior  to  or  at  each  annual  technical  conference  a  Presi- 
dent, one  Vice  President  and  four  Directors. 

(b)  The  candidates  for  President  and  for  Vice  President  shall  be  selected  from 
the  members  or  past  members  of  the  Board  of  Directioa 

4.  Conditions  of  Re-election  of  Officers 

A  President  shall  be  ineligible  for  re-election,  except  as  provided  for  in  Section  S  (e) 
of  this  Article.  Vice  Presidents  and  Directors  shall  be  ineligible  for  re-election  to  the  same 
office,  except  as  provided  for  in  Section  S  (e)  of  this  Article,  until,  at  least  one  full 
term  has  elapsed  after  the  end  of  their  respective  terms. 

5.  Vacancies  in  Offices 

(a)  If  a  vacancy  should  occur  in  the  office  of  President,  as  set  forth  in  Section  6 
of  this  Article,  the  senior  Vice  President  shall  immediately  and  automatically  become 
President  for  the  unexpired  term. 

(b)  If  a  vacancy  should  occur  in  the  office  of  the  senior  Vice  President,  due  to 
advancement  under  Section  5  (a)  of  this  Article,  or  for  reasons  set  forth  in  Section  6 
of  this  Article,  the  junior  Vice  President  shall  automatically  become  senior  Vice  President 
for  the  unexpired  term. 

(c)  If  a  vacancy  should  occur  in  the  office  of  the  junior  Vice  President,  due  to 
advancement  under  Section  S  (b)  of  this  Article,  or  for  reasons  set  forth  in  Section  6 
of  this  Article,  the  Board  of  Direction  shall  by  the  affirmative  vote  of  two-thirds  of  its 
entire  membership,  select  a  junior  Vice  President  from  the  members  or  past  members 
of  the  Board  of  Directioa 

(d)  A  vacancy  in  the  office  of  Director,  due  to  advancement  of  a  Director  to  junior 
Vice  President  under  Section  S  (c)  of  this  Article,  or  for  reasons  set  forth  in  Section  6 
of  this  Article,  shall  be  filled  by  the  Board  of  Direction  by  the  affirmative  vote  of 
two-thirds  of  its  entire  membership, 

(e)  An  incumbent  in  any  office  for  an  unexpired  term  shall  be  eligible  for  re-election 
to  the  office  held;  provided,  however,  that  anyone  selected  to  fill  a  vacancy  as  Director 
shall  be  eligible  for  election  to  that  office,  excepting  that  such  appointee  filling  out  an 
unexpired  term  of  two  years  or  more  shall  be  considered  as  coming  within  the  provisions 
of  Section  4  of  this  Article. 
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6.  Vacation  of  Office 

(a)  In  the  event  of  the  death  of  an  elected  officer,  or  resignation  from  office,  or 
if  the  officer  should  cease  to  be  a  Member  of  the  Association  as  provided  in  Section  2 
(B),  Article  II;  Section  6  or  7,  Article  III;  or  Section  3,  Article  IV,  the  office  shall  be 
considered  as  vacated. 

(b)  In  the  event  of  the  disability  of  an  officer  or  neglect  in  the  performance  of  duty 
by  an  officer,  the  Board  of  Direction,  by  the  affirmative  vote  of  two-thirds  of  its  entire 
membership  shall  have  the  power  to  declare  the  office  vacant. 


Article  VI 
Nomination  and  Election  of  Officers 

1.  Nominating  Committee 

(a)  There  shall  be  a  Nominating  Committee  composed  of  the  five  latest  living  Past 
Presidents  of  the  Association,  who  are  Members,  and  five  Members  who  are  not 
officers. 

(b)  The  five  Members  who  are  not  Past  Presidents  shall  be  elected  annually  for  a 
term  of  one  year,  when  the  officers  of  the  Association  are  elected. 

(c)  The  senior  Past  President  who  is  a  member  of  the  committee  shall  be  the 
chairman  of  the  committee.  In  the  absence  of  the  senior  Past  President  from  a  meeting 
of  the  committee  the  Past  President  next  in  seniority  present  shall   act  as  chairman. 

(d)  If  one  or  more  Past  Presidents  are  unable  to  act  as  members  of  the  committee 
through  disability,  the  President  shall  have  the  authority  to  appoint  an  equivalent  num- 
ber of  eligible  next  senior  Past  Presidents  to  the  committee  as  ordinary  members. 

(e)  If  one  or  more  elected  members  of  the  committee  are  unable  to  act,  through 
death  or  disability,  the  President  shall  have  the  authority  to  appoint  as  replacements  an 
equivalent  number  of  the  senior  unsuccessful  candidates  for  election  to  the  committee. 

2.  Method  of  Nominating 

(a)  At  least  three  months  prior  to  the  annual  technical  conference,  the  Chairman 
shall  call  a  meeting  of  the  committee  at  a  convenient  place,  at  which  nominees  for  the 
several  elective  offices  shall  be  selected  as  follows: 

Number  of  Candi- 

Nutnber  of  Candi-  dates  to  be 

dates  to  be  named  elected  at  the 

by  the  Nominating  Annual  Election 

Office  to  be  Filled                                            Committee  of  Officers 

President    1  1 

Vice    President    1  1 

Directors    8  4 

Nominating  Committee    10  S 

(b)  The  nominations  for  Director  shall  maintain  the  territorial  balance  prescribed 
in  Article  VII,  Section  1,  Paragraph  (b),  to  the  maximum  extent  practicable.  In  this 
connection,  the  nominations  for  Director  shall  be  predicated,  insofar  as  practicable,  on 
the  following  three-year  repeating  pattern  of  Director  positions  to  ensure  adequate 
territorial  distribution: 
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First  Year  Second  Year  Third  Year 

East— 2  East— 1  East— 1 

South— 1  West— 2  South— 1 

West— 1  Canada— 1  West— 2 

Nominations  in  any  one  year  shall  be  double  the  number  of  positions  available  for 
each  district  that  year,  with  the  nominations  listed  separately  by  districts. 

(c)  The  elected  members  of  the  Nominating  Committee  each  year  shall  include 
one  from  each  district  represented  on  the  Board  of  Direction  and  one  at-large  member. 
Nominations  in  any  year  shall  be  double  the  number  of  positions  available  for  each 
district,  with  the  nominations  listed  separately  by  districts. 

(d)  The  Chairman  of  the  Nominating  Committee  shall  send  the  names  of  the 
nominees  to  the  President  and  Executive  Officer-Secretary  within  IS  days  after  the 
meeting  of  the  Nominating  Committee,  and  the  Executive  Officer-Secretary  shall  report 
the  names  of  these  nominees  to  the  members  of  the  Association  not  less  than  60  days 
prior  to  the  annual  technical  conference. 

(e)  At  any  time  prior  to  30  days  before  the  annual  meeting  of  the  Nominating  Com- 
mittee, any  ten  or  more  Members  may  send  to  the  Executive  Officer-Secretary  nomina- 
tions for  any  elective  office  for  the  ensuing  year  for  consideration  by  the  Nominating 
Committee,  signed  by  such  Members. 

(f)  If  any  person  nominated  shall  be  found  by  the  Board  of  Direction  to  be 
ineligible  for  the  office  for  which  nominated,  or  should  a  nominee  decline  such  nomina- 
tion, the  name  shall  be  withdrawn.  The  Board  of  Direction  may  fill  any  vacancies  that 
may  occur  in  the  list  of  nominees  up  to  the  time  the  ballots  are  sent  out. 

3.  Ballots  Issued 

Not  less  than  60  days  prior  to  each  annual  technical  conference,  the  E.xecutive 
Officer-Secretary  shall  issue  a  ballot  to  each  voting  Member  of  record  who  has  paid 
dues  to  or  beyond  December  31  of  the  previous  year,  listing  by  districts  the  several 
candidates  to  be  voted  upon.  When  there  is  more  than  one  candidate  for  any  office, 
the  names  shall  be  arranged  on  the  ballot  in  the  order  within  each  district  that  shall 
be  determined  by  lot  by  the  Nominating  Committee.  The  ballot  shall  be  accompanied 
by  a  statement  giving  for  each  candidate  his  or  her  record  of  membership  and  activities 
in  the  Association. 

4.  Substitution  of  Names 

Members  may  remove  names  from  the  printed  ballot  hst  and  may  substitute  the  name 
or  names  of  any  other  person  or  persons  eligible  for  any  office,  but  the  number  of  names 
voted  for  each  office  on  the  ballot  must  not  exceed  the  number  to  be  elected  at  that 
time  to  such  office. 

5.  Ballots 

(a)  Ballots  shall  be  placed  in  an  envelope,  sealed  and  endorsed  with  the  name  of 
the  voter,  and  mailed  to  or  deposited  with  the  Executive  Officer-Secretary  at  any  time 
previous  to  the  closure  of  the  poll& 

(b)  A  voter  may  have  the  privilege  of  withdrawing  his  ballot,  for  the  purposes 
of  casting  another,  or  otherwise,  at  any  time  up  to  ten  working  days  prior  to  the 
closure  of  the  polls.  After  that  date,  no  ballot  shall  be  subject  to  withdrawal  or 
revision. 

(c)  Ballots  received  in  unendorsed  envelopes,  or  from  persons  not  qualified  to  vote, 
shall  not  be  counted. 
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(d)  The  ballots  and  envelopes  shall  be  preserved  for  not  less  than  ten  days  after 
the  vote  is  canvassed. 

6.  Closure  of  Polls 

The  polls  shall  be  closed  at  12  o'clock  noon  at  least  30  days,  but  not  more  than 
45  days,  prior  to  the  first  day  of  the  annual  technical  conference.  The  ballots  shall  be 
counted  soon  thereafter  by  tellers  appointed  by  the  President  of  the  Association. 

7.  Election 

(a)  The  persons  who  shall  receive  the  highest  number  of  votes  for  the  ofi&ces  for 
which  they  are  candidates  shall  be  declared  elected 

(b)  In  case  of  a  tie  between  two  or  more  candidates  for  the  same  oflSce,  the 
Members  present  at  the  annual  technical  conference  shall  elect  the  officer  by  ballot  from 
the  candidates  so  tied. 

(c)  The  presiding  officer  shall  announce  at  the  annual  technical  conference  the 
names  of  the  officers  elected  in  accordance  with  this  Article. 


Article  VII 
Management 

1.  Board  of  Direction 

(a)  The  Board  of  Direction  shall  be  the  governing  body  of  the  Association  and 
shall  manage  the  affairs  of  the  Association  in  accordance  with  the  Constitution  of 
the  Association,  and  shall  have  full  power  to  control  and  regulate  all  matters  not  other- 
wise provided  for  in  the  Constitution.  It  shall  be  composed  of  seventeen  Members  of 
the  Association,  and  shall  include  the  President  and  two  Vice  Presidents  of  the  Asso- 
ciation, the  two  living  junior  Past  Presidents,  and  twelve  elected  Directors.  The  nomina- 
tion and  election  of  the  Officers  and  Directors  shall  be  in  accordance  with  the  procedures 
set  forth  in  Article  VI  herein. 

(b)  Furthermore,  the  membership  shall,  insofar  as  possible,  include  proportional 
representation  from  the  territorial  divisions  contained  in  the  "List  of  Principal  Railroads 
Showing  Allocation  to  Geographical  Groups"  (published  in  the  current  issue  of  The 
Official  Railway  Equipment  Register). 

Accordingly,  the  twelve  Directors  shall  be  elected  in  accordance  with  Article  VI, 
Section  2,  to  fit,  insofar  as  possible,  the  following  general  plan  for  territorial 
representation: 

Four  from  the  Eastern  District;  two  from  the  Southern  District;  five  from  the 
Western  District,  including  the  Northwestern,  Central  Western  and  Southwestern  Dis- 
tricts; and  one  from  Canada. 

(c)  The  President  and  two  Vice  Presidents  of  the  Association  and  the  two  Past 
Presidents  on  the  Board  of  Direction  shall  be  at-large  members  of  the  Board. 

(d)  Vacancies  occurring  in  Director  positions  prior  to  normal  expiration  of  term 
of  office  shall  be  filled  by  the  Board,  insofar  as  possible,  from  the  district  represented 
by  the  previous  incumbent 

(e)  The  Board  of  Direction  shall  meet  within  thirty  days  after  each  annual  tech- 
nical conference,  and  at  such  other  times  as  the  President  may  direct.  Special  meetings 
shall  be  called  on  request,  in  writing,  of  five  members  of  the  Board  of  Direction. 

(f)  Seven  members  of  the  Board  of  Direction  shall  constitute  a  quorum. 
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2.  Executive  Committee 

(a)  An  Executive  Committee  of  the  Board  of  Direction  shall  be  constituted 
annually  and  shall  consist  of  the  President  and  two  Vice  Presidents  of  the  Association 
and  the  two  Past  Presidents  on  the  Board  of  Direction.  The  Executive  Committee  shall 
be  subject  to  confirmation  of  the  Board  of  Direction  each  year  at  the  first  meeting  of 
the  Board  following  the  Convention.  The  President  of  the  Association  shall  be  the 
chairman  of  the  Executive  Committee. 

(b)  The  Executive  Committee  shall  possess  and  may  exercise  during  intervals 
between  meetings  of  the  Board,  all  of  the  powers  of  the  Board  on  matters  which  in  the 
judgment  of  a  majority  of  the  Executive  Committee  cannot  properly  be  delayed  until 
the  next  meeting  of  the  Board.  Actions  of  the  Executive  Committee  shall  be  authorized 
by  a  concurring  majority  of  its  full  membership  and  shall  be  reported  to  the  Board  of 
Direction  at  its  next  meeting, 

(c)  The  Executive  Committee  may  be  dissolved  at  any  time  by  action  of  a  majority 
of  the  full  membership  of  the  Board  of  Direction.  Following  such  dissolution,  the  Execu- 
tive Committee  may  be  re-created  with  personnel  different  than  prescribed  in  Paragraph 
(a)  herein  at  any  time  prior  to  the  annual  technical  conference  by  action  of  a  majority 
of  the  full  membership  of  the  Board.  However,  if  the  Executive  Committee  is  not 
re-created  prior  to  the  next  annual  technical  conference  it  automatically  shall  come 
under  the  provision  of  Paragraph  (a)  herein  unless  the  Board  of  Direction  decrees 
otherwise. 

3.  President 

The  President  shall  have  general  supervision  of  the  affairs  of  the  Association,  shall 
preside  at  meetings  of  the  Association,  the  Board  of  Direction  and  the  Executive  Com- 
mittee of  the  Board  of  Direction,  and,  by  virtue  of  his  office,  shall  be  a  member  of  all 
committees,  except  the  Nominating  Committee. 

4.  Vice  Presidents 

The  Vice  Presidents,  in  order  of  seniority,  shall  preside  at  meetings  in  the  absence 
of  the  President. 

5.  Treasurer 

The  Treasurer  shall  pay  all  bills  of  the  Association  when  properly  certified  by  the 
Executive  Officer-Secretary  and  approved  by  the  Finance  Committee.  He  shall  make 
an  annual  report  as  to  the  financial  condition  of  the  Association  and  such  other  reports 
as  may  be  called  for  by  the  Board  of  Direction. 

6.  Executive  Officer-Secretary 

The  Executive  Officer-Secretary  of  the  Association  shall  be  appointed  by  the  Board 
of  Direction  to  manage  the  affairs  of  the  Association  under  the  direction  of  the  Presi- 
dent and  the  Board  of  Direction.  This  officer  shall  use  the  title  "Executive  Director," 
or  such  other  title  as  the  Board  of  Direction  may  direct,  except  that  on  legal  papers  or 
on  other  documents,  at  his  or  her  discretion,  the  title  "Secretan.-"  shall  be  used.  This 
officer  shall  serve  as  secretary  of  the  Board  of  Direction  and  of  the  Executive  Committee 
of  the  Board  of  Direction. 

The  Executive  Officer-Secretary  shall  attend  the  meetings  of  the  Association,  the 
Board  of  Direction,  and  the  Executive  Committee  of  the  Board  of  Direction,  prepare 
the  business  therefor,  and  record  the  proceedings  thereof.  Furthermore,  this  officer  shall 
see  that  all  money  due  the  Association  is  collected,  is  credited  to  the  proper  accounts, 
and   is   deposited   in   the   designed   depository   of   the   Association,   with   receipt   to    the 
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Treasurer  therefor.  This  officer  shall  personally  certify  to  the  accuracy  of  all  bills  and 
vouchers  on  which  money  is  to  be  paid.  In  addition,  shall  invest  all  funds  of  the  Asso- 
ciation not  needed  for  current  disbursements,  as  shall  be  recommended  by  the  Finance 
Committee  of  the  Board  of  Direction  and  approved  by  the  Board  of  Direction,  with 
notification  to  the  Treasurer  of  such  investments. 

The  Executive  Officer-Secretary  shall  be  responsible  for  the  handling  of  the  cor- 
respondence of  the  Association,  shall  make  an  annual  report  to  the  Association,  shall 
have  direct  charge  of  the  property  and  quarters  of  the  Association,  shall  direct  the  work 
of  the  secretaries,  assistant  secretaries  and  other  employees  of  the  Association,  and  shall 
perform  such  other  duties  as  the  Board  of  Direction  may  prescribe. 

7.  Auditing  of  Accounts 

The  financial  accounts  of  the  Association  shall  be  audited  annually  by  an  accountant 
or  accountants  approved  by  and  under  the  direction  of  the  Finance  Committee. 

8.  Administrative  Committees 

At  the  first  meeting  of  the  Board  of  Direction  after  the  annual  technical  conference, 
the  following  Administrative  Committees,  each  consisting  of  not  less  than  three  members, 
shall  be  appointed  by  the  President.  The  personnel  of  these  committees  shall  be  subject 
to  approval  by  the  Board  of  Direction. 

Finance 

Membership 

Publications 

Research 

Technical  Activity 

Conference  Program 

Other  special  Administrative  Committees  may  be  appointed  by  the  President  at 
any  time,  and  reappointed  annually,  if  necessary,  their  personnel  being  subject  to 
approval  by  the  Board  of  Directioa 

Membership  on  Administrative  Committees  shall  be  restricted  to  members  of  the 
Board  of  Direction,  except  that  one  or  two  members  of  the  Administrative  Committee 
on  Research  may  be  past  members  of  the  Board  of  Direction. 

9.  Study  and  Research  Committees 

The  Board  of  Direction  may  establish  continuing  or  special  Study  and  Research 
Committees  to  investigate,  consider,  and  report  upon  subjects  appropriate  to  the  object 
of  the  Association,  as  set  forth  in  Art.  I. 

10.  Duties  of  Administrative  Committees 

(a)  Finance 

The  Finance  Committee  shall  have  immediate  supervision  of  the  accounts  and 
financial  affairs  of  the  Association;  shall  approve  all  bills  before  payment,  and  shall 
make  recommendations  to  the  Board  of  Direction  as  to  the  investment  of  funds  and 
other  financial  matters.  The  Finance  Committee  shall  not  have  the  power  to  incur 
debts  or  other  obligations  binding  the  Association,  nor  authorize  the  payment  of  money 
other  than  the  amounts  necessary  to  meet  ordinary  current  expenses  of  the  Association, 
except  by  authority  of  the  Board  of  Direction. 

(b)  Membership 

The  Membership  Committee  shall  investigate  applicants  for  membership  and  shall 
make  recommendations  to  the  Board  of  Direction  with  reference  thereto. 
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(c)  Publications 

The  Publications  Committee  shall  have  general  supervision  over  the  publications 
of  the  Association,  including  the  Manual  and  the  Portfolio.  The  Publications  Commit- 
tee shall  not  have  the  power  to  incur  debts  or  other  obligations  binding  the  Associa- 
tion, nor  authorize  the  payment  of  money  except  by  authority  of  the  Board  of 
Direction. 

(d)  Research 

The  Research  Committee  shall  encourage  and  coordinate  the  research  activities  of 
the  Association,  in  the  course  of  accomplishment  of  which  it  shall  review  and  pass 
upon  the  recommendations  of  Study  and  Research  Committees  for  research  projects  and 
shall  report  thereon  to  the  Board  of  Direction,  recommending  for  approval  specific 
projects  initiated  by  these  committees  or  by  the  Research  Committee  and  recommending 
allotments  of  funds  for  these  projects  in  the  research  budget  of  the  Association  of 
American  Railroads  or  from  other  sources  compatible  therewith;  shall  collaborate  closely 
with  the  research  staff  of  the  Association  of  American  Railroads  and  other  organiza- 
tions; and  when  called  upon  by  the  Vice  President — Research  or  the  Vice  President — 
Operations  and  Maintenance  of  that  association,  members  of  the  Research  Committee 
shall  engage  in  the  activities  of  advisory  committees  or  groups  of  that  organization  and 
shall  report  from  time  to  time  to  the  Board  of  Direction  on  those  activities. 

(e)  Technical  Activity 

The  Technical  Activity  Committee  shall  monitor  and  give  direction  to  the  activities 
of  Association  Study  and  Research  Committees,  and  review  the  activity  of  the  person- 
nel assigned  thereto.  It  shall  review  and  pass  upon  the  recommendations  of  those  com- 
mittees for  subjects  to  be  investigated,  considered,  and  reported  on  by  those  commit- 
tees during  the  ensuing  Association  year,  and  shall  report  thereon  to  the  Board  of  Direc- 
tion for  its  approval.  The  Technical  Activity  Committee  shall  have  authority  to  assign 
additional  subjects  or  change  the  scope  of  any  existing  subjects  at  any  time  during  the 
year,  reporting  its  action  thereon  to  the  Board  at  its  next  regular  meeting. 

This  Committee  also  shall  review  and  pass  upon  applications  of  members  for 
appointment  to  Study  and  Research  Committees,  and  shall  appoint  the  chairman  and 
vice  chairman  of  each  such  committee  and  make  a  report  thereon  to  the  Board  of 
Direction  for  its  approval.  Should  an  unexpected  vacancy  in  the  chairmanship  or  vice 
chairmanship  of  any  such  committee  occur,  the  Technical  Activity  Committee  shall  have 
authority  to  fill  such  vacancy  immediately,  reporting  its  action  thereon  to  the  Board 
at  its  next  regular  meeting. 

(f)  Conference  Program 

The  Conference  Program  Committee  shall  develop  the  program  of  the  annual  tech- 
nical conference  with  the  assistance  of  the  Study  and  Research  Committees,  the  Board 
of  Direction,  the  Executive  Officer-Secretary,  and  others. 

11.  Special  Committees 

The  Board  of  Direction  may  appoint  special  committees  to  examine  into  and  report 
upon  any  subject  connected  with  the  objects  of  thb  Association. 

12.  Discussion  by  Non-Members 

The  Board  of  Direction  may  invite  discussions  of  reports  from  persons  not  members 
of  the  Association. 

13.  Sanction  of  Act  of  Board  of  Direction 

An  act  of  the  Board  of  Direction  which  shall  have  received  the  expressed  or  implied 
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sanction  of  the  membership  at  the  next  annual  technical  conference  of  the  Association 
shall  be  deemed  to  be  the  act  of  the  Association. 

Article  VIII 
Meetings 

1.  Annual  Technical  Conference 

(a)  The  Annual  Technical  Conference  of  the  Association  shall  be  held  in  the  City 
of  Chicago,  111.,  or  in  such  other  city  as  may  be  determined  by  the  affirmative  vote 
of  two-thirds  of  the  entire  membership  of  the  Board  of  Direction.  The  technical  con- 
ference in  any  year  shall  be  held  on  dates  determined  by  the  affirmative  vote  of  two- 
thirds  of  the  entire  membership  of  the  Board  of  Direction. 

(b)  The  Executive  Officer-Secretary  shall  notify  all  members  of  the  Association 
of  the  time  and  place  of  the  annual  technical  conference  at  least  30  days  in  advance 
thereof. 

(c)  The  order  of  business  at  the  annual  technical  conference  of  the  Association 
shall     be: 

.■\ddress  of  the  President 

Reports  of  the  Executive  Officer-Secretary  and  the  Treasurer 

Committee  and  other  presentations 

Unfinished  business 

New  business 

Installation  of  officers 

Adjournment 

(d)  This  order  of  business  may  be  changed  by  the  presiding  officer. 

(e)  The  procedings  shall  be  governed  by  "Robert's  Rules  of  Order"  except  as 
otherwise  herein  provided. 

(f)  Discussions  shall  be  limited  to  Members  and  to  those  others  invited  by  the 
presiding  officer  to  speak. 

2.  Special  Meetings 

Special  meetings  of  the  Associations  may  be  called  by  the  Board  of  Directions  on  its 
own  initiative,  and  may  be  so  called  by  the  Board  of  Direction  upon  written  request 
of  100  Members.  The  request  shall  state  the  purpose  of  such  meeting. 

The  call  for  such  special  meeting  shall  be  issued  not  less  than  ten  days  in  advance 
of  the  proposed  date  of  such  meeting  and  shall  state  the  purpose  and  place  of  the 
meeting.  No  other  business  shall  be  taken  up  at  such  meeting. 

3.  Quorum 

Twenty-five  Members  shall  constitute  a  quorum  at  all  meetings  of  the  Association. 

Article  IX 
Amknomknt 

1.  Amendment 

Amendment  of  this  Constitution  may  be  proposed  by  written  petition  signed  by 
not  less  than  ten  Members  of  the  Association,  and  shall  be  acted  upon  in  the  following 
manner: 

The  proposed  amendment  shall  be  presented  to  the  Executive  Officer-Secretary  who 
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shall  send  a  copy  to  each  member  of  the  Board  of  Direction  as  soon  as  received.  If  a 
majority  of  the  entire  Board  of  Direction  so  votes,  the  matter  shall  be  submitted  to 
the  voting  members  of  the  Association  by  letter  ballot. 

Amendment  to  the  Constitution  also  may  be  proposed  by  majority  affirmative  vote 
of  the  entire  Board  of  Direction,  and  the  proposed  amendment  then  submitted  to  the 
voting  members  of  the  Association  by  letter  ballot. 

Sixty  days  after  the  date  of  issue  of  the  letter  ballot,  the  Board  of  Direction  shall 
canvass  the  ballots  which  have  been  received,  and  if  two-thirds  of  such  ballots  are  in 
the  affirmative  the  amendment  shall  be  declared  adopted  and  shall  become  effective 
immediately.  The  result  of  the  letter  ballot  shall  be  announced  to  members  of  the 
Association. 
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RALPH  WHITEHEAD  &  ASSOCIATES 

Consulting  Engineers  •  Charlotte  Atlanta 


P.O.  Box  4301 

Charlotte,  N.C.  28204 

Telephone  704-^72-1885 

BRIDGES   •   HIGHWAYS   •   RAILROADS 

•   RAIL  &  BUS  TRANSIT  • 

AIRPORTS  •   BUILDINGS 


1^]  Gannett  Fleming 
[A[Corddry  and  Carpenter ,  Inc. 

Consulting  Engineers 

Railroad  Mass  Transit 

Bridges  •  Tunnels  •  Inspection 

Maintenance  Facilities 

Repair  Shops  •  Equipment 

Trackwork  •  Yards 

Environmental  Studies 

P.O.  Box  1963  •  Harrisburg.  PA  17105 

Regional  Offices  Located  in  14  Other  Cities 


CLAKK,  DIETZ  -  E.NGINEERS,  INC. 


Services: 

Railroad  Relocation,  Industrial  Wastes.  Foundations, 

Structures,  Bridges 

Offices  in: 
Richmond.  IN 
Carbonaale.  IL 
Memphis.  TN 
St  Louis.  MO 
Chicago.  IL 
Sanlord.  FL 
Jackson.  MS 


DeLEUW 
GATHER 

De  Leuw,  Gather  &  Company 

Consulting  Engineers  and  Planners 

les  Well  Wickn  Orhe   .  Chlogo,  lUlnoii  MtOI 

World-Wide  consulling  services  in: 
Highways   •  Transit   •   Railroads 
Industrial  Facilities 
Water  and  Waste  Engineering 
Environmental  and  Community  Planning 

" 
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\ 

BF"°" 

SOROS  ASSOCIATES 

CONSULTING  ENGINEERS 


DES.GN 
EUPERVISICM 


PORT  DEVELOPMENT- 
BULK  HAtMDUNG  SYSTEMS 
OFFSHORE  TERMINALS 


t212J  B26  a700     S75  LEXINGTON  AVE. 
TELEX   234359  NEW  YORK.  NY  10Q22 

-523.^73  CABLE  BULKONSULT 


EArj  FRANCISCO 


SANTIAGO 


IIARDESTY  &  HANOVER 

Consulting  Engineers 

BRIDGES   —  FIXED  and  MOVABLE 

HIGHWAYS  and  RAILWAYS 

SPECIAL  STRUCTURES 

Desftn,   Intpectlon,  Valuation 

101   Park  Avcnut  Hew  York,  N.Y.  10017 

Jersey  City,  N.J. 


578-1 


578-2 
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BAKKE   KOPP   BALLOUa  McFARLIN,  INC. 
CONSULTING  ENGINEERS 


Bridges 


Special  &  Heavy  Structures 
Investigations  &  Reports 


7505  WEST  HIGHWAY  SEVEN 

ST.  LOUIS  PARK,  MINNESOTA  55428 

(612)933-8880 
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HARRINGTON  &  CORTELYOU,  INC. 
Consulting  Engineers 


1004  Baltimore,  Kansas  City,  Mo.  64105 
Telephone:  816-421-8386 

RAILWAY  AND  HIGHWAY 

•  FIXED  AND  MOVABLE  BRIDGES  • 

•  Condition  Inspections 

•  Investigations  &  Reports 
•  Design,  Construction  Plans 

•  Contract  Documents 

•  Construction  Supervision 

•  Cost  Negotiations 


INTERNATIONAL 
ENGINEERING 

A  MORRISON-KNUDSEN  COMPANY 


Railroad  Design  &  Electrification 
Shop  Facilities 

Planning  •  Design 
Construction  Management 

220  Montgomery  St.,  San  Francisco.  CA  94104 
Boise  •  Denver  •  Phoenix  •  Hou'^Ion  •  New  London 


WOLCHUK  and  MAYRBAURl 

CONSULTING  ENGINEERS 

RAILWAY   AND   HIGHV*/AY    BRIDGES 

SPECIAL   STRUCTURES 

DESIGN— INVESTIGATIONS— REPORTS 

432  PARK  AVE.  S.,  NEW  YORK,  NY  10016 
(212)    689-0220 


COLDER  ASSOCIATES 

Consulting   Geotechhical   Engineers 


Specialists   in 

Soil   Mechanics  —  Foundations 

Rock   Slope   &   Tunnel   Stability 

Construction   in   Soft   Ground 

Drainage  Design — Landslides 

Grade  Stability,  Subgrade  Stabilization 

Air  Photo  Interpretation 

10628  N.E.  38»h  Place,  Kirkland,  SeotHe,  V/osh. 

5125   Peactifree   Road,   Atlanta,   Georgia 
224  West  8ttt  Avenue,   Vancouver,   B.C.,  Canada 


THOMAS  K.  DYER,  INC. 

Consulting  Engineers 

Railroads — Transit  Systems 
Track,  Signals,  Structures 

Investigations    and    FeasibiJity    Reports 
Planning,    Design,    Contract    Documents 

1762   Massachusetts  Avenue 
Lexington,   Mass.   02173 


ROBERT  W.  HUNT  COMPANY 


m 


INSPECTION  (  LABORATORY  TESTING  SERVICES 

Rail,  Trackwork,  Rolling  Stock  4.  Structural  Inspection 

Serving  The  Railroad  Industry  Worldwide 

Since  1888 
26  U.S.  Locations,  8  in  Europe  ^  U.K.- 

Headquarters:   810  S.  Clinton  Street' 
Chicago,  Illinois  60607 
312/922-0872 
Telex:  25-3176 
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HOWARD  J.  BELLOWS 

ESTIMATING   CONSULTANT 
FOR  TRACKWORK 

Railroads   &    Rapid  Transit  Sysfems 

3602   S.   CASSINO 

COMINO  STREET 

SALT  LAKE   CITY,   UT  84119 


\back 


RAILROAD    /    RAPID   TRAI'JSIT    ELECTRIFICATION 
o    FEASIBILITY    STUDIES      o      SYSTEM   DESIGN 
O    UTILITY    IMPACT    STUDIES       O       POWER    CONTROL 
o    SUB    STATION    DESIGN      O      CATE^JARY    DESIGN 
O    STRUCTURES    o   TELECOM.XUNICATION    INTERFERENCE 
O    PROJECT   ^!ANAGE^'.ENT      o      QUALITY    ASSUPANC" 
O'jnsnvLCfiGsrnoAD.cunEjo^iiYArrsvn.Lr.  Mf)j(i;i'.' 
Telephone;  (301)  77or>a68    Telex:  ED  8397 


MODJESKI  AND  MASTERS 

Consulting   Engineers 
FIXED    &    MOVABLE    RAILROAD    BRIDGES 

Design       •      Inspection   of   Construction 

Machinery      •     Electrical    Work 

Inspection,    Maintenance,    Rating, 

Strengthening 

Rehabiiifation      •     Reconstruction 

P.O.    BOX    2345 

HARRISBURG,    PA.    17105 

New  Orleans,   La.  Washington,  D.C. 

Poughkeepsie.   N.Y.  Chicago,   III. 


Pittsburgh  Testing  Laboratory 

50  Laboratories  in  Principal  Cities 
Headquarters:  Pittsburgh,  Pennsylvartia 
(412)  922-1000 


Nationwids  Inspection— Testing— Analysis 


FRANK   R.   WOOLFORD 

Engineering    Consultant— Railroads 

24    Joteptio    Ave. 

Son    Francisco.   Co.    94132 

(415)  587-1569 

7*6    Seodrift    Rd. 

Stinson    Beach,    Co.    94970 

(415)   868-1555 


WHITMAN,  REQUARDT 
&  ASSOCIATES 

Engineers  Consultants 

Complete  Engineering  Services 

BALTIMORE,  MARYLAND 


Engineers  Arctiitects  Ranners 

Booker  Associates,  Inc. 

1139  Olive  Street 
St.  Louis,  Missouri  63101 

343  Waller  Avenue 
Lexington,  Kentucky  40504 

10905  Fort  Washington  Road 
Fort  Washington,  Maryland  20022 


Railroads    •    Rapid  Transit 

Electric  Traction   Power 

Signals  and  Train   Control 

Communications    •    Substations 

Operations  Analysis  and  Simulation 

Power  Generation    •    Urban   Planning 

Gibbs  g  Hilh  Inc. 

ENGINEERS.  DESIGNERS.  CONSTRUCTORS 

193    Seventh    Avenue.    New    York,    NY      lOOOl 
A   Subiidiary  of  Drove  Corporation 


578-4 
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Parsons  Brinckerhoff  CENTEC,  Inc. 
Railway  Consultants 


8301  Greensboro  Drivr;, 

Suite  220 

McLean.  Virginia  22 102 

703-790-8040 


One  Penn  Plaza 
New  York.  NY  10001 
212-239-7900 


30  National  and  International  Offices 


ALFRED  BENESCH 
&  COMPANY 

CONSULTING    ENGINEERS 

233    NORTH   MICHIGAN    AVENUE 

CHICAGO,    ILLINOIS   60601 

Railroads  —  Highways  —  Airports 

Bridges  —  Buildings  —  Subways 

Reports  —  Construction   Observation 


'"■■■■■';;/' 

HAZELET  &  ERDAL 

-mURS 

Consulting   Engineers 

POilUTlON  rONTBOl 

WAUR  «ESOURCE5 

MARINI  FAOLITIES 

INVlRONMINf 

Design            Invesfigations         Reports 

Fixed    and    Movable   Bridges 

r«»*arch 

fMiibtlity  on^Ytm% 

150  So.  Wacker  Dr.,  Chicago,  III.  60606 

'^•"'zm 

Lcuisville                                 Qncinnotl 

gi-gs;'.;-iiy!.*".'.r;K'ias-*" 

Complete     railroad 
engineering,  Construction 
and   fabrication  services. 


i  MORRISON-KNUDSEN  COMPANY,  INC. 
Railroad  Division 
Two  Moaison-Knudsen  Plaza 
P.O.  Box  7808,  Boise,  Idaho  83729,  USA 
Phone:  (208)  345-5000 


Sverdrup 


Sverdrup  &  Parcel 
and  Associates,  Inc. 


Railroads  •  Transit  •  Tunnels 
Bridges  •  Electrification 

•  Design 

•  Planning 

•  Construction  Management 

Boston  •  JacltsonvJMe  •  New  York  •  Phoenu 
San -Francisco  •  Seattle  •  St  Louis  •  Wasliington  D.C. 


BALLAST 
CLEANING 


Speno  ballast 
cleaning  is  an 
economical  way  to 
maintain  good  track 
drainage.  The 
railroad  industry 
depends  on  Speno 
ballast  cleaning  to 
maintain  roadbeds 
and  provide  optimum 
drainage.  A 
continuing  program  of 
ballast  cleaning  is  the 
most  economical  way 
to  accomplish  these 
goals.  Speno  has 
nine  cleaning  trains  in 
its  Contract  Service 
Fleet. 


For  More 
Information 

Find  out  how  you  can  get  the  maximum  ton  miles  out 

of  your  track.  Request  a  copy  of  the  new 

Speno  Rail  Services  brochure. 

Speno  Rail  Services,  Inc. 

An  Affiliate  of  Trans  Union  Corporation 

Clark  Street,  Box  309 

East  Syracuse,  New  York  13057 

lEC-HokJen.  Ltd.. 

8180  Cote  de  Liesse  Road, 

Montreal,  Canada,  H4T  1G8 


Speno  Rail  Services,  Inc. 
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One  of  99  TRASCO  inert  car  retarders 
installed  in  the  ConRail  Rutherford  class  yard 
at  Harrisburg.  Pennsylvania. 


AFTER    14  YEARS   OF  TROUBLE    FREE 
OPERATION  TRASCO   AUTONOMIC   CAR 
RETARDERS  STILL  ON   DUTY   24   HOURS 
A   DAY 


Operating,  Signaling,  Maintenance  of  Way  ...  all 
agree  on  TRASCO  car  retarders  for  all-weather 
dependability;  simplicity  of  design  and  operation; 
economy  of  installation  and  maintenance. 


TRACK  SPECIALTIES  COMPANY 

18  SO.  SYLVAN  ROAD.  P.  O.  BOX  729 
WESTPORT.  CONNECTICUT  06880       203-226-3361 


YEARS  OF  RAILROAD  SERVICE 


